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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a spin valve thin 
film magnetic element which is superior in stability to 
satisfactorily control the magnetic domain of a free 
magnetic layer. 

SOLUTION: A spin valve type thin film magnetic element 
1 is provided with one anti-ferromagnetic layer 60, a 
laminated body 10 which has nonmagnetic conductive 
layers 12 and 14 and fixed magnetic layers 11 and 15 
laminated on both sides of a free magnetic layer 13 in 
the perpendicular direction of this layer 13 and is formed 
on the anti- ferromagnetic layer 60, bias layers 17 and 17 
which are placed on both sides of the laminated body 10, 
the other anti-ferromagnetic layer 61 with which the 
laminated body 10 and bias layers 17 and 17 are 
covered, and conductive layers 70 and 70. The bias 
lay rs 17 are provided on one anti- ferromagnetic layer 
60 and are placed in the same hierarchy as the 
laminated body 10, and the other anti-ferromagnetic 
layer 18 is brought into contact with at least a part of 
bias layers 17 and the laminated body 10. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A substrate and the layered product by which came to carry out the 
laminating of a nonmagnetic conductive layer and the fixed magnetic layer to the 
thickness direction both sides of an antiferromagnetism layer, and the fi-ee 
magnetic layer and the aforementioned fi'ee magnetic layer respectively, and 
while the laminating was carried out to this substrate was formed on 
aforementioned one antiferromagnetism layer, The bias layer of the couple 
which is located in the both sides of the aforementioned layered product, and, on 
the other hand, arranges the magnetization direction of the aforementioned fi-ee 
magnetic layer with **, It comes to provide the conductive layer of the couple 
which gives detection current to the antiferromagnetism layer and the 
aforementioned free magnetic layer of wrap another side for the aforementioned 
layered product and the aforementioned bias layer, the bias layer of the 
aforementioned couple The spin bulb type thin film magnetic cell characterized 
by having been prepared on aforementioned one antiferromagnetism layer, having 
been located in the same hierarchy as the aforementioned layered product, and 
the antiferromagnetism layer of aforementioned another side being in contact 
with at least the part and the aforementioned layered product of a bias layer of 
the aforementioned couple. 

[Claim 2] The aforementioned bias layer is a spin bulb type thin film magnetic cell 
according to claim 1 characterized by being formed so that the field of the 
thickness direction both sides may constitute the field and abbreviation same 
side of the thickness direction both sides of the aforementioned layered 



product. 

[Claim 3] The spin bulb tjrpe thin film magnetic cell according to claim 1 to 2 to 
which the antiferromagnetism layer of aforementioned another side is 
characterized by carrying out the laminating in contact with the aforementioned 
whole bias layer and the aforementioned layered product. 
[Claim 4] The spin bulb type thin film magnetic cell according to claim 1 to 2 
characterized by forming the antiferromagnetism layer of aforementioned 
another side in contact with the upper surface of the aforementioned layered 
product more broadly than the aforementioned layered product, and the 
laminating being carried out in contact with a part of bias layer of the 
aforementioned couple. 

[Claim 5] The spin bulb type thin film magnetic cell according to claim 1 to which 
the laminating of the antiferromagnetism thin film is carried out to the 
aforementioned layered product, and the antiferromagnetism layer of 
aforementioned another side is characterized by being touched by at least the 
part and the aforementioned antiferromagnetism thin film of the aforementioned 
bias layer. 

[Claim 6] The spin bulb type thin fOm magnetic cell according to claim 1 to which 
the laminating of the ferromagnetic thin film is carried out to the 
aforementioned layered product at least, and the antiferromagnetism layer of 
aforementioned another side is characterized by being touched by the 
aforementioned ferromagnetic thin film at least. 

[Claim 7] The antiferromagnetism layer of aforementioned one side and 
aforementioned another side is a spin bulb type thin film magnetic cell according 
to claim 1 to 6 which consists of an alloy shown by the formula of X-Mn 
(however, X shows one sort of elements chosen fi*om from among Pt, Pd, Ru, Ir, 
Rh, and Os,), and is characterized by X being a range below 63 atom % more than 
37 atom %. 

[Claim 8] The antiferromagnetism layer of aforementioned one side and 
aforementioned another side is X'-Pt-Mn (however, X*). one sort or two sorts or 
more of elements chosen firom firom among Pd, Cr, Ru, nickel, Ir, Rh, Os, Au, and 
Ag are shown The spin bulb type thin film magnetic cell according to claim 1 to 6 
which consists of an alloy shown by the formula and is characterized by the total 
quantity of X* and Pt being a range below 63 atom % more than 37 atom %. 
[Claim 9] The aforementioned antiferromagnetism thin film is a spin bulb type 
thin film magnetic cell according to claim 5 which consists of an alloy shown by 



the formula of X-Mn (however, X shows one sort of elements chosen from from 
among Pt, Pd, Ru, Ir, Rh, and Os.), and is characterized by X being a range below 
63 atom % more than 37 atom %. 

[Claim 10] The aforementioned antiferromagnetism thin film is a spin bulb type 
thin film magnetic cell according to claim 5 which consists of an alloy shown by 
the formula of X'-Pt-Mn (however, X' shows one sort or two sorts or more of 
elements chosen from firom among Pd, Cr, Ru, nickel, Ir, Rh, Os, Au, and Ag.), and 
is characterized by the total quantity of X' and Pt being a range below 63 atom % 
more than 37 atom %. 

[Claim 11] It is the spin bulb type thin film magnetic cell according to claim 1 to 
10 which estranges the conductive layer of the aforementioned couple mutually, 
and a laminating is carried out on the antiferromagnetism layer of 
aforementioned another side, and is characterized by the bird clapper by carrying 
out the laminating of the antiferromagnetism layer of aforementioned another 
side in contact with the aforementioned whole bias layer and the aforementioned 
layered product. 

[Claim 12] It is the spin bulb t3rpe thin film magnetic cell according to claim 1 to 
10 which the antiferromagnetism layer of aforementioned another side is formed 
in contact with the upper surface of the aforementioned layered product more 
broadly than the aforementioned layered product, and a laminating is carried out 
in contact with a part of bias layer of the aforementioned couple, and the 
conductive layer of the aforementioned couple adjoins the both sides of the 
antiferromagnetism layer of aforementioned another side, and a laminating is 
carried out to the aforementioned bias layer, and is characterized by the bird 
clapper. 

[Claim 13] The spin bulb type thin film magnetic cell according to claim 1 to 12 
characterized by preparing the interlayer who consists of Ta or Cr between the 
aforementioned bias layer and the aforementioned conductive layer and/or 
between the aforementioned bias layer and the antiferromagnetism layer of 
aforementioned another side. 

[Claim 14] The spin bulb type thin film magnetic cell according to claim 1 to 12 
characterized by preparing the bias ground layer which consists of Cr between 
the aforementioned bias layer and the aforementioned layered product and 
between the aforementioned bias layer and aforementioned one 
antiferromagnetism layer. 

[Claim 15] the following -- having - the [ aforementioned ] the [ 1 free 



magnetic layer and / aforementioned ] - 2 free magnetic layer joins together in 
antiferromagnetism mutually having the [ aforementioned ] the [ the 
magnetization direction of 1 free magnetic layer, and / aforementioned ] - the 
magnetization direction of 2 free magnetic layer -- mutual - anti- -- the spin 
bulb type thin film magnetic cell according to claim 1 to 14 characterized by 
supposing that it is parallel The aforementioned free magnetic layer is a 
nonmagnetic interlayer. the [ which sandwiches the aforementioned 
nonmagnetic interlayer ] - the [ 1 free magnetic layer and ] — 2 free magnetic 
layer 

[Claim 16] The spin bulb type thin film magnetic cell according to claim 1 to 14 
which it has the following, and the aforementioned 1st fixed magnetic layer and 
the aforementioned 2nd fixed magnetic layer of each other are combined in 
antiferromagnetism, and is characterized by considering mutually the 
magnetization direction of the aforementioned 1st fixed magnetic layer, and the 
magnetization direction of the aforementioned 2nd fixed magnetic layer as 
anti-parallel. The aforementioned fixed magnetic layer is another nonmagnetic 
interlayer. the [ the 1st fixed magnetic layer which sandwiches the nonmagnetic 
interlayer according to above, and ] -- 2 fixed magnetic layer 

[Claim 17] The thin film magnetic head which a slider is equipped with a claim 1 
or a spin bulb type thin film magnetic cell according to claim 16, and is 
characterized by the bird clapper. 

[Claim 18] Carry out the laminating of one antiferromagnetism layer to a 
substrate, carry out the laminating of one fixed magnetic layer, one nonmagnetic 
conductive layer, a free magnetic layer, the nonmagnetic conductive layer of 
another side, and the fixed magnetic layer of another side to one [ this ] 
antiferromagnetism layer one by one, and a laminating precursor is formed. Form 
the 1st lift-off resist on the aforementioned laminating precursor, and remove 
the aforementioned laminating precursor which is not covered by the 
aforementioned 1st lift-o£F resist, expose aforementioned one 
antiferromagnetism layer, and a layered product is formed. Carry out the 
laminating of the bias layer to aforementioned one [ which was exposed ] 
antiferromagnetism layer, and the upper surface is made into the almost same 
position as the upper surface of the aforementioned layered product. The 
manufacture method of the spin bulb type thin film magnetic cell which removes 
the aforementioned 1st lift-off resist, carries out the laminating of the 
antiferromagnetism layer of another side at least on a part of aforementioned 



bias layer and the aforementioned layered product, and is characterized by 
forming the conductive layer of the couple which touches the 
antiferromagnetism layer of aforementioned another side. 

[Claim 19] The manufacture method of the spin bulb type thin film magnetic cell 
according to claim 15 characterized by carrying out the laminating of the 
antiferromagnetism thin film to the aforementioned laminating precursor, and 
carrying out the laminating of the antiferromagnetism layer of aforementioned 
another side on [ some / at least ] the aforementioned antiferromagnetism thin 
film and the aforementioned bias layer. 

[Claim 20] The manufacture method of the spin bulb type thin film magnetic cell 
according to claim 15 characterized by carrying out the laminating of the 
ferromagnetic thin film to the aforementioned layered product at least, and 
carrying out the laminating of the antiferromagnetism layer of aforementioned 
another side on [ some / at least ] the aforementioned ferromagnetic thin film 
and the aforementioned bias layer afi^er removing the aforementioned 1st lifi;-ofif 
resist. 

[Claim 21] The manufacture method of the claim 15 which forms the 2nd lift-off 
resist on the antiferromagnetism layer of aforementioned another side, carries 
out the laminating of the conductive layer of the aforementioned couple to the 
antiferromagnetism layer of aforementioned another side which is not covered 
by the aforementioned 2nd lift-off resist, and is characterized by removing the 
aforementioned 2nd Uft-off resist, or a spin bulb type thin film magnetic cell 
according to claim 17. 

[Claim 22] The manufacture method of the claim 15 which forms the 3rd lift-off 
resist on the antiferromagnetism layer of aforementioned another side, removes 
the antiferromagnetism layer of aforementioned another side which is not 
covered by the aforementioned 3rd lift-off resist, carries out the laminating of 
the conductive layer of the aforementioned couple to the both sides of the 
antiferromagnetism layer of aforementioned another side which remained, and is 
characterized by removing the aforementioned 3rd lift-off resist, or a spin bulb 
type thin film magnetic cell according to claim 17. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the 
manufacture method of the thin film magnetic head eqmpped with the spin bulb 
type thin film magnetic cell which comes to carry out the laminating of a 
nonmagnetic conductive layer, a fixed magnetic layer, and the 
antiferromagnetism layer to the thickness direction both sides of a firee 
magnetic layer, and this spin bulb type thin film magnetic cell, and a spin bulb 
type thin film magnetic cell. 
[0002] 

[Description of the Prior Art] There is a GMR (GiantMagnetoresistive) head 
equipped with the element which shows MR (Magnetoresistive) head equipped 
with the element which shows the magnetoresistance effect, and the huge 
magnetoresistance effect in the magnetoresistance-effect type magnetic head. 

In the MR head, it considers as the monolayer structure where the element 
which shows the magnetoresistance effect consists of the magnetic substance. 

On the other hand, let material whose element which shows the 
magnetoresistance effect is plurality be the multilayer structure which comes to 
carry out a laminating in the GMR head. Although there are some kinds of the 
structures which produce the huge magnetoresistance effect, structure is 
comparatively simple and there is a spin bulb type thin film magnetic cell to an 
external magnetic field as what has high resistance rate of change. There are a 
single spin bulb thin film magnetic cell and a dual spin bulb type thin film 
magnetic cell as spin bulb type thin film magnetic cell. 



[0003] Drawing 24 is the cross section which saw the conventional spin bulb 
type thin film magnetic cell fi-om the magnetic-recording medium side. The 
shield layer is formed in the upper and lower sides of the spin bulb type thin film 
magnetic cell shown in drawing 24 through the gap layer, and the GMR head for 
reproduction consists of an aforementioned spin bulb type thin film magnetic 
cell, a gap layer, and a shield layer. In addition, on DDO, the laminating of the 
inductive head for record may be carried out to GMR for the aforementioned 
reproduction. This GMR head is prepared in the trailing side edge section of a 
surfacing formula slider etc. with an inductive head, constitutes the thin film 
magnetic head, and detects the record magnetic field of magnetic-recording 
media, such as a hard disk. In addition, in drawing 24 , the move direction of a 
magnetic-recording medium is an illustration Z direction, and the direction of 
the leakage magnetic field firom a magnetic-recording medium is the direction of 
Y. 

[0004] In drawing 24 , the sign 9 shows the spin bulb type thin film magnetic cell. 
This spin bulb type thin film magnetic cell 9 is the so-called dual spin bulb type 
thin film magnetic cell by which the laminating of a nonmagnetic conductive 
layer, a fixed magnetic layer, and the antiferromagnetism layer was carried out to 
the thickness direction both sides of a fi:ee magnetic layer at the order of a 
monostromatic every. In drawing 24 , the sign 150 shows the ground layer which 
a laminating is carried out to a substrate 119, for example, consists of Ta 
(tantalum) etc. The laminating of the antiferromagnetism layer 116 is carried out 
to this ground layer 150, the laminating of the nonmagnetic conductive layer 
114 and the fixed magnetic layer 115 which turn into this antiferromagnetism 
layer 116 firom the nonmagnetic conductive layer 112 and the firee magnetic 
layer 113 which consist of a fixed magnetic layer 111, Cu, etc., Cu, etc., and the 
antiferromagnetism layer 117 is carried out one by one, and the laminating of 
the protective layer 151 which consists of Ta etc. is carried out to the 
antiferromagnetism layer 117. Thus, the laminating of firom the ground layer 150 
to the protective layer 151 is carried out one by one, and it constitutes the 
layered product 110. 

[0005] A layered product 110 is made into a cross-section **** trapezoidal 
shape, and the inclination sides 110a and 110a which incline so that it may 
approach mutually towards the direction which separates firom a substrate 119 
are formed in the illustration XI direction both sides. Moreover, respectively in 
contact with the fixed magnetic layers 111 and 115, the laminating of the 



antiferromagnetism layers 116 and 117 is carried out, a switched connection 
magnetic field (exchange-anisotropy magnetic field) occurs in each interface of 
the antiferromagnetism layer 116, the fixed magnetic layer 111 and the 
antiferromagnetism layer 117, and the fixed magnetic layer 115, and the 
magnetization direction of the fixed magnetic layers 111 and 115 is being fixed in 
the direction of illustration Y, respectively 

[0006] The bias layers 117 and 117 which consist of a Co-Pt (cobalt-platinum) 
alloy are formed in the illustration XI direction both sides of a layered product 
110. These bias layers 117 and 117 are for arranging the magnetization direction 
of the free magnetic layer 113 in the illustration XI direction, making the fi*ee 
magnetic layer 113 form into a single magnetic domain, and suppressing a 
Barkhausen noise. This becomes the relation which the magnetization direction 
of the free magnetic layer 113 and the magnetization direction of the fixed 
magnetic layers 111 and 115 intersect. 

[0007] In addition, the sign 170 shows the conductive layer formed by Cu etc. 
Moreover, between the bias layer 117 and a substrate 119 and between the bias 
layer 117 and the layered product 110, the bias ground layer 116 which consists 
of Cr which is non-magnetic metal is formed. Furthermore, between the bias 
layer 117 and the conductive layer 170, the interlayer 118 who consists of Ta 
which is non-magnetic metal, or Cr is formed. 

[0008] In this spin bulb type thin film magnetic cell 9, if the magnetization 
direction of the firee magnetic layer 113 arranged in the illustration XI direction 
is changed by the leak magnetic field from record media, such as a hard disk, 
electric resistance will change by the relation with the magnetization direction 
of the fixed magnetic layers 111 and 115 fixed in the direction of illustration Y, 
and the leak magnetic field fi-om a record medium will be detected by the voltage 
change based on this electric resistance value change. 
[0009] 

[Problem(s) to be Solved by the Invention] By the way, in the conventional spin 
bulb tj^e thin film magnetic ceU 9, a part of aforementioned hard bias layers 117 
and 117 ran aground on the incUnation sides 110a and 110a of a layered product 
110 through the bias ground layers 116 and 116, and it has projected towards 
the direction which separates firom a substrate 119. It is thin thin as the 
cross-section configuration of this portion separates firom a substrate 119, and 
the noses of cam 117a and 117a of the bias layers 117 and 117 near the upper 
surface of a layered product 110 serve as the cross-section configuration 



where it sharpened. 

[0010] For this reason, as shown in drawing 25 , it was easy to become the 
magnetic field (illustration arrow A) to which the leakage flux firom point 117a of 
one bias layer 117 results through the up shield layer by which the laminating is 
carried out at another bias layer 117 on the spin bulb type thin film magnetic cell 
9, and there was un-arranging [ that the bias magnetic field impressed to the 
firee magnetic layer 113 decreased ]. For this reason, it became difBcult to 
perform magnetic-domain control of the firee magnetic layer 113 good, and a 
technical problem called a low in the stability of the spin bulb type thin film 
magnetic cell 9 occurred. 

[0011] Moreover, another leakage magnetic field firom the points 117a and 117a 
of the bias layers 117 and 117 It becomes the anti- magnetic field (the 
illustration arrow B and Arrow C) of the aforementioned bias layer 117, and is 
impressed by the ends of the firee magnetic layer 113. the direction of this 
anti-magnetic field (Arrow B and Arrow C) Since it differed firom the direction of 
magnetization of the fi-ee magnetic layer 113 arranged by the bias layers 117 and 
117 (illustration arrow D), the technical problem that the firee magnetic layer 
113 will be formed into many magnetic domains, and a Barkhausen noise will 
increase occurred. 

[0012] Furthermore, since the laminating of the bias layers 117 and 117 is 
carried out on the substrate 119 through the bias ground layers 116 and 116 

The XI direction both sides of the antiferromagnetism layer 116 can be 
adjoined, therefore a bias magnetic field cannot fully be impressed to the fi*ee 
magnetic layer 113. The technical problem that it became difficult to perform 
magnetic-domain control of the firee magnetic layer 113 good, and the stability 
of the spin bulb t3^e thin film magnetic cell 9 became low occurred. 
[0013] this invention carries out the purpose of offering the spin bulb type thin 
film magnetic cell excellent in the stability which it was made in order to solve 
the above-mentioned technical problem, and reduction of the bias magnetic field 
impressed to a firee magnetic layer cannot take place easily, and a firee magnetic 
layer is not formed into many magnetic domains, and can perform 
magnetic-domain control of a fi'ee magnetic layer good. Moreover, it aims at 
offering the manufacture method of this spin bulb type thin film magnetic cell. 

Furthermore, it aims at offering the thin film magnetic head equipped with this 
spin bulb type thin film magnetic cell. 
[0014] 



[Means for Solving the Problem] In order to attain the above-mentioned 
purpose, this invention adopted the following composition. The 
antiferromagnetism layer by which the laminating of the spin bulb type thin film 
magnetic ceU of this invention was being steadily carried out to the substrate 
and this substrate, The layered product which it came to carry out the 
laminating of a nonmagnetic conductive layer and the fixed magnetic layer to the 
thickness direction both sides of a fi:ee magnetic layer and the aforementioned 
free magnetic layer respectively, and was formed on aforementioned one 
antiferromagnetism layer. The bias layer of the couple which is located in the 
both sides of the aforementioned layered product, and, on the other hand, 
arranges the magnetization direction of the aforementioned free magnetic layer 
with **, It comes to provide the conductive layer of the couple which gives 
detection current to the antiferromagnetism layer and the aforementioned fi^e 
magnetic layer of wrap another side for the aforementioned layered product and 
the aforementioned bias layer, the bias layer of the aforementioned couple It is 
prepared on aforementioned one antiferromagnetism layer, and is located in the 
same hierarchy as the aforementioned layered product, and the 
antiferromagnetism layer of aforementioned another side is characterized by 
being in contact with at least the part and the aforementioned layered product 
of a bias layer of the aforementioned couple. Moreover, the aforementioned bias 
layer is characterized by being formed so that the field of the thickness 
direction both sides may constitute the field and abbreviation same side of the 
thickness direction both sides of the aforementioned layered product. 

Furthermore, it is desirable that the laminating of the antiferromagnetism layer 
of aforementioned another side is carried out in contact with the 
aforementioned whole bias layer and the aforementioned layered product. 

Furthermore, the aforementioned antiferromagnetism layer may be formed in 
contact with the upper surface of the aforementioned layered product more 
broadly than the aforementioned layered product, and the laminating may be 
carried out in contact with a part of bias layer of the aforementioned couple 
again. 

[0015] In the above-mentioned spin bulb type thin film magnetic cell It is 
constituted so that the field of the thickness direction both sides may form the 
field and abbreviation same side of the thickness direction both sides of the 
aforementioned layered product, while a bias layer is located in the same 
hierarchy as the aforementioned layered product. Moreover, since the 



antiferromagnetism layer of another side covers the aforementioned bias layer 
and the aforementioned layered product and the laminating is carried out The 
cross-section configuration of a bias layer does not become what projected and 
sharpened like the conventional spin bulb type thin film magnetic cell, but it 
becomes possible for a fi-ee magnetic layer not to be formed into many magnetic 
domains by the leakage magnetic field firom a bias layer, and to reduce the 
Barkhausen noise of a free magnetic layer. In addition, it is located in the 
hierarchy as the aforementioned layered product with same "bias layer, and " 
means that the laminating of a bias layer and the layered product is carried out 
to the almost same hierarchy on the basis of a substrate, and when bias layer 
thickness is thinner than the thickness of a layered product, it is contained 
here. 

[0016] Moreover, the spin bulb tjrpe thin film magnetic cell of this invention is a 
spin bulb type thin film magnetic cell of a publication previously, the laminating of 
the antiferromagnetism thin film is carried out to the aforementioned layered 
product, and the antiferromagnetism layer of aforementioned another side is 
characterized by being touched by at least the part and the aforementioned 
antiferromagnetism thin film of the aforementioned bias layer. Moreover, as for 
the material which constitutes the antiferromagnetism layer of an 
antiferromagnetism thin film and another side, it is desirable that it is what 
consists of the same composition. 

[0017] In the above-mentioned spin bulb type thin film magnetic cell, since the 
laminating of the antiferromagnetism thin film is carried out to a layered product, 
if an impurity does not mix in these interfaces and this antiferromagnetism thin 
film and the antiferromagnetism layer of another side unify, it will become 
possible for a big switched connection magnetic field to be easily discovered in 
the interface of the fixed magnetic layer of a layered product, and an 
antiferromagnetism thin film, and to fix the magnetization direction of a fixed 
magnetic layer in the predetermined direction firmly. 

[0018] Moreover, the spin bulb type thin film magnetic ceU of this invention is a 
spin bulb type thin film magnetic cell of a publication previously, and the 
laminating of the ferromagnetic thin film is carried out to the aforementioned 
layered product at least, and it is characterized by the antiferromagnetism layer 
of aforementioned another side being in contact with the aforementioned 
ferromagnetic thin film at least. 

[0019] In the above-mentioned spin bulb type thin film magnetic cell Since an 



impurity did not mix in these interfaces since the laminating of a ferromagnetic 
thin film and the antiferromagnetism layer of another side was carried out 
simultaneously, and this ferromagnetic thin film is in contact with the fixed 
magnetic layer of a layered product It becomes possible for a switched 
connection magnetic field to be easily discovered between the 
antiferromagnetism layer of another side, and a ferromagnetic thin film, and for 
this switched connection magnetic field to be impressed to a fixed magnetic 
layer through a ferromagnetic thin film, and to fix the magnetization direction of 
a fixed magnetic layer in the predetermined direction. 
[0020] The antiferromagnetism layer of aforementioned one side and 
aforementioned another side consists of an alloy shown by the formula of X-Mn 
(however, X shows one sort of elements chosen firom firom among Pt, Pd, Ru, Ir, 
Rh, and Os.), and it is desirable that X is a range below 63 atom % more than 37 
atom %. Moreover, the antiferromagnetism layer of aforementioned one side and 
aforementioned another side may consist of an alloy shown by the formula of 
X'-Pt-Mn (however, X* shows one sort or two sorts or more of elements chosen 
firom fi-om among Pd, Cr, Ru, nickel, Ir, Rh, Os, Au, and Ag.), and the total 
quantity of X' and Pt may be a range below 63 atom % more than 37 atom %. 

Furthermore, the aforementioned antiferromagnetism thin film consists of an 
alloy shown by the formula of X-Mn (however, X shows one sort of elements 
chosen fi-om firom among Pt, Pd, Ru, Ir, Rh, and Os.), and it is desirable that X is a 
range below 63 atom % more than 37 atom %. Furthermore, the aforementioned 
antiferromagnetism thin film may consist of an alloy shown by the formula of 
X'-Pt-Mn (however, X' shows one sort or two sorts or more of elements chosen 
firom firom among Pd, Cr, Ru, nickel, Ir, Rh, Os, Au, and Ag.), and the total 
quantity of X' and Pt may be a range below 63 atom % more than 37 atom %. 
[0021] By considering as the spin bulb type thin film magnetic cell using the alloy 
shown by the formula of the alloy shown in an antiferromagnetism layer and an 
antiferromagnetism thin film by the formula of X-Mn, or X'-Pt-Mn It compares 
with the thing using the NiO alloy currently used for the antiferromagnetism 
layer firom the former, the FeMn alloy, the NiMn alloy, etc. It becomes possible 
to consider as the spin bulb t3^e thin film magnetic cell which has the property 
which was [ excel / fiirther / a switched connection magnetic field is large, and 
blocking temperature is high, and / in corrosion resistance ] excellent. 
[0022] The spin bulb type thin film magnetic cell of this invention is a spin bulb 
type thin film magnetic cell of a publication previously, in contact with the 



aforementioned whole bias layer and the aforementioned layered product, the 
laminating of the antiferromagnetism layer of aforementioned another side is 
carried out, the conductive layer of the aforementioned couple is estranged 
mutually, and a laminating is carried out on the antiferromagnetism layer of 
aforementioned another side, and it is characterized by the bird clapper. As for 
this conductive layer, it is desirable that a laminating is carried out to the 
position which does not lap with a layered product. If the conductive layer of a 
couple is estranged mutually and formed in the position which does not lap with a 
layered product, it will become possible to impress detection current to the 
nonmagnetic conductive layer certainly contained in a layered product. 
[0023] Moreover, the antiferromagnetism layer of aforementioned another side 
is formed in contact with the upper surface of the aforementioned layered 
product more broadly than the aforementioned layered product, and a laminating 
is carried out in contact with a part of bias layer of the aforementioned couple, 
and the conductive layer of the aforementioned couple adjoins the both sides of 
the antiferromagnetism layer of aforementioned another side, and the laminating 
may be carried out to the aforementioned bias layer. As for the 
antiferromagnetism layer of another side in this case, it is desirable that 
consider as a cross-section **** trapezoidal shape, and the inclination side in 
which it approaches towards the direction which separates from a substrate is 
prepared in the both sides, and, as for a conductive layer, it is desirable to be 
constituted so that this incHnation side may be touched. Since the layered 
product in which the laminating of it is carried out to a bias layer while a 
conductive layer touches the antiferromagnetism layer of another side, and a 
bias layer contains a nonmagnetic conductive layer is adjoined, it becomes 
possible to give the detection current from a conductive layer to a nonmagnetic 
conductive layer, without minding the antiferromagnetism layer of large another 
side of specific resistance, and it becomes possible to enlarge variation of the 
magnetic reluctance by the external magnetic field, and to make high detection 
sensitivity of a spin bulb type thin film magnetic cell. 

[0024] Moreover, the spin bulb type thin film magnetic cell of this invention is a 
spin bulb type thin film magnetic cell of a publication previously, and is 
characterized by preparing the interlayer who consists of Ta or Cr between the 
aforementioned bias layer and the aforementioned conductive layer and/or 
between the aforementioned bias layer and the antiferromagnetism layer of 
aforementioned another side. A bias magnetic field required for the formation of 



a single magnetic domain of a free magnetic layer can be increased without 
magnetic coupling occuning between a bias layer and the antiferromagnetism 
layer of another side by preparing the interlayer who consists of non-magnetic 
material like Ta and Cr. Moreover, the thermal diffusion between the conductive 
layer which occurs with heat treatment (UV cure) by the manufacturing process 
of the inductive head which is a back process, and a bias layer can be prevented, 
and degradation of the magnetic properties of a bias layer can be prevented. 
[0025] Furthermore, the spin btdb type thin filtn magnetic cell of this invention is 
a spin bulb type thin film magnetic cell of a publication previously, and is 
characterized by preparing the bias ground layer which consists of Cr between 
the aforementioned bias layer and the aforementioned layered product and 
between the aforementioned bias layer and the aforementioned substrate. By 
preparing the bias ground layer which consists of Cr which is a body centered 
cubic structure (bcc structure), the aforementioned bias layer grows epitaxially 
on a bias ground layer, and it becomes possible to arrange the easy axis of a bias 
layer in the predetermined direction, and the coercive force and the remanence 
ratio of a bias layer can become large, and can increase a bias magnetic field 
required for the formation of a single magnetic domain of a free magnetic layer. 
[0026] the [ moreover, / into which the aforementioned free magnetic layer 
inserts a nonmagnetic interlayer and the aforementioned nonmagnetic interlayer 
] — the [ 1 free magnetic layer and ] from 2 free magnetic layer -- becoming 
the [ aforementioned ] - the [ 1 free magnetic layer and / aforementioned ] 
2 free magnetic layer joins together in antiferromagnetism mutually — having 
- the [ aforementioned ] the [ the magnetization direction of 1 free 
magnetic layer, and ] - the magnetization direction of 2 free magnetic layer 
mutual - anti- it may be supposed that it is As for the thickness of the 1st 
and the 2nd free magnetic layer, at this time, considering as slightly different 
thickness is desirable, the [ furthermore, / the 1st fixed magnetic layer which 
sandwiches nonmagnetic interlayer with the another aforementioned fixed 
magnetic layer and the nonmagnetic interlayer according to above, and ] - it 
consists of a 2 fixed magnetic layer, and the aforementioned 1st fixed magnetic 
layer and the aforementioned 2nd fixed magnetic layer join together in 
antiferromagnetism mutually - having the magnetization direction of the 
aforementioned 1st fixed magnetic layer, and the magnetization direction of the 
aforementioned 2nd fixed magnetic layer -- mutual -- anti- -- it may be 
supposed that it is parallel As for the thickness of the 1st and the 2nd fixed 



magnetic layer, at this time, considering as slightly different thickness is 
desirable. 

[0027] When a free magnetic layer consists of the 1st and the 2nd free 
magnetic layer which were combined in antiferromagnetism through the 
nonmagnetic interlayer, it is magnetically combined by the switched connection 
magnetic field, and the 1st and the 2nd free magnetic layer wiU be in a 
ferrimagnetism state by it. this time, the [ for example, ], -- the thickness of 2 
free magnetic layer -- the -- if it is size more slightly than 1 free magnetic 
layer the - the magnetization direction of 2 free magnetic layer arranges in 
the fixed direction by magnetization of a bias layer -- having - the -- the 
magnetization direction of 1 free magnetic layer -- the -- it considers as the 
opposite direction of the magnetization direction of 2 free magnetic layer the 

therefore, / 1st ] -- although the magnetic moment of 2 free magnetic layer 
will negate each other mutually - the - the thickness of 2 free magnetic layer 
" the - since the magnetization which is equivalent to the difference of this 
thickness since it considers as size from 1 free magnetic layer turns into 
magnetization of a free magnetic layer and this magnetization becomes small, 
the magnetization direction of a free magnetic layer is changed with sufficient 
sensitivity by change of an external magnetic field 

[0028] Moreover, when a fixed magnetic layer consists of the 1st and the 2nd 
fixed magnetic layer which were combined in antiferromagnetism through the 
nonmagnetic interlayer, it is magnetically combined by the switched connection 
magnetic field, and the 1st and the 2nd fixed magnetic layer will be in a 
ferrimagnetism state by it. If the thickness of the 1st and the 2nd fixed magnetic 
layer is made to differ slightly at this time, even if the magnetic moment of the 
1st and the 2nd fixed magnetic layer negates each other mutually, the 
spontaneous magnetization of a fixed magnetic layer will remain slightly, this 
spontaneous magnetization wiU be fiirther amplified by the switched connection 
magnetic field with an antiferromagnetism layer, and it will become possible to fix 
the magnetization direction of a fixed magnetic layer firmly. 
[0029] Moreover, a slider is equipped with a claim 1 or a spin bulb type thin film 
magnetic cell according to claim 13, and the thin film magnetic head of this 
invention is characterized by the bird clapper. 

[0030] The manufacture method of the spin bulb type thin film magnetic cell of 
this invention Carry out the laminating of one antiferromagnetism layer to a 
substrate, carry out the laminating of one fixed magnetic layer, one nonmagnetic 



conductive layer, a free magnetic layer, the nonmagnetic conductive layer of 
another side, and the fixed magnetic layer of another side to one [ this ] 
antiferromagnetism layer one by one, and a laminating precursor is formed. Form 
the 1st lift-off resist on the aforementioned laminating precursor, and remove 
the aforementioned laminating precursor which is not covered by the 
aforementioned 1st lift-off resist, expose aforementioned one 
antiferromagnetism layer, and a layered product is formed. Carry out the 
laminating of the bias layer to aforementioned one [ which was exposed ] 
antiferromagnetism layer, and the upper surface is made into the almost same 
position as the upper surface of the aforementioned layered product. The 
aforementioned 1st lift-off resist is removed, the laminating of the 
antiferromagnetism layer of another side is carried out at least on a part of 
aforementioned bias layer and the aforementioned layered product, and it is 
characterized by forming the conductive layer of the couple which touches the 
antiferromagnetism layer of aforementioned another side. 
[0031] Moreover, in the above-mentioned manufacturing method, before 
carrying out the laminating of the antiferromagnetism layer of another side, it is 
desirable to ********** the upper surface of a layered product (fixed magnetic 
layer of another side) by meanses, such as ion milling or a reverse spatter. 
[0032] Since the laminating of the bias layer is carried out so that the upper 
surface of a bias layer may become the almost same position as the upper 
surface of a layered product and the laminating of the antiferromagnetism layer 
of another side is carried out on this in the above-mentioned manufacture 
method in case a bias layer is prepared in the both sides of a layered product 

The cross-section configuration of a bias layer does not become what 
projected and sharpened like before, but it becomes possible to manufacture the 
spin bulb type thin film magnetic cell by which a free magnetic layer was not 
formed into many magnetic domains by the leakage magnetic field from a bias 
layer, and the free magnetic layer was formed into the single magnetic domain. 

Moreover, since removal of the 1st lift-off resist is usually performed in 
atmospheric pressure, if impurities, such as oxygen in atmosphere, adhere to the 
upper sur&ce of a layered product (fixed magnetic layer of another side) and the 
laminating of the antiferromagnetism layer of another side is carried out as it is, 
the manifestation of a switched connection magnetic field will be checked by the 
influence of an impurity. Therefore, if the upper surface of the fixed magnetic 
layer of another side is **********ed before canying out the laminating of the 



antiferromagnetism layer of another side, an impurity will be removed and the 
manifestation of a switched connection magnetic field will be attained. 
[0033] Moreover, in the manufacture method of the spin bulb tj^e thin film 
magnetic cell of this invention, the laminating of the antiferromagnetism thin 
film may be carried out to the aforementioned laminating precursor, and the 
laminating of the antiferromagnetism layer of aforementioned another side may 
be carried out on [ some / at least ] the aforementioned antiferromagnetism 
thin film and the aforementioned bias layer. As for the quality of the material of 
the antiferromagnetism layer of an antiferromagnetism thin film and another 
side, at this time, it is desirable that it is the same. Moreover, before carrying 
out the laminating of the antiferromagnetism layer of another side in this case, 
it is desirable to ********** the upper surface of an antiferromagnetism thin 
film by meanses, such as a spatter. 

[0034] In the above-mentioned manu£acture method, in order to carry out the 
laminating of the antiferromagnetism thin film to a layered product (fixed 
magnetic layer of another side), impurities, such as oxygen, do not mix in these 
interfaces. Moreover, since an antiferromagnetism thin film will be substantially 
contained in the antiferromagnetism layer of another side by carrying out the 
laminating of the antiferromagnetism layer of another side to an 
antiferromagnetism thin film, and unifying these A switched connection magnetic 
field can be discovered in the interface of the fixed magnetic layer of another 
side, and an antiferromagnetism thin film, and the spin bulb type thin film 
magnetic cell equipped with the fixed magnetic layer to which the magnetization 
direction was firmly fixed by this switched connection magnetic field can be 
manufactured. Moreover, by **********ing the upper surface of a layered 
product (antiferromagnetism thin film) before the laminating of the 
antiferromagnetism layer of another side, impurities, such as oxygen, are 
removed and degradation of the switched connection magnetic field of the 
antiferromagnetism layer of another side is prevented. 

[0035] Furthermore, in the manufacture method of the spin bulb type thin film 
magnetic cell of this invention, afi;er removing the aforementioned 1st lift-off 
resist, the laminating of the ferromagnetic thin film may be carried out to the 
aforementioned layered product at least, and the laminating of the 
antiferromagnetism layer of aforementioned another side may be carried out on 

some / at least ] the aforementioned ferromagnetic thin film and the 
aforementioned bias layer. At this time, the fixed magnetic layer of another side 



and the quality of the material of a ferromagnetic thin film which constitute the 
upper surface of a layered product have the same desirable thing. Moreover, 
before carrjring out the laminating of the antiferromagnetism layer of another 
side also in this case, it is desirable to ********** the upper surface of a 
layered product (fixed magnetic layer of another side) by meanses, such as ion 
milling or a reverse spatter. 

[0036] In the above-mentioned manufacture method, in order to carry out the 
laminating of the antiferromagnetism layer of another side to a ferromagnetic 
thin film, impurities, such as oxygen, do not mix in these interfaces. Since will 
become easy to discover a switched connection magnetic field in the interface 
of a ferromagnetic thin film and the antiferromagnetism layer of another side, 
and the laminating of this ferromagnetic thin film will be carried out on the fixed 
magnetic layer of another side, these will unify and a ferromagnetic thin film will 
be substantially contained in the fixed magnetic layer of another side It enables 
the discovered switched connection magnetic field to fix firmly the 
magnetization direction of the fixed magnetic layer of another side. Moreover, by 
*****-k****jj^^ ^jjg upper surface of a layered product (fixed magnetic layer of 
another side) before the laminating of a ferromagnetic thin film, impurities, such 
as oxygen, are removed, the fixed magnetic layer and ferromagnetic thin film of 
another side are unified substantially, and it becomes possible to fix the 
magnetization direction of a fixed magnetic layer firmly. 
[0037] Moreover, the manufeicture method of the spin bulb type thin film 
magnetic cell of this invention is the manufacture method of the spin bulb type 
thin film magnetic cell a publication previously, it forms the 2nd lift-ofi' resist on 
the antiferromagnetism layer of aforementioned another side, carries out the 
laminating of the conductive layer of the aforementioned couple to the 
antiferromagnetism layer of aforementioned another side which is not covered 
by the aforementioned 2nd lift-off resist, and is characterized by removing the 
aforementioned 2nd Uft-oflf resist. As for the 2nd lift-off resist, it is desirable to 
form so that it may lap with a layered product here. 

[0038] In the above-mentioned manufacture method, since the 2nd lift-off 
resist is removed after carrying out the laminating of the conductive layer, the 
laminating of the conductive layer can be carried out only to the portion in 
which the 2nd lift-off resist was not formed. If the 2nd lift-off resist is especially 
formed in the position which laps with a layered product, it will become possible 
to form a conductive layer so that it may be located in the both sides of a 



layered product. 

[0039] Furthermore, the manufacture method of the spin bulb type thin film 
magnetic cell of this invention Are the manufacture method of the spin bulb 
type thin film magnetic cell a publication previously, and the 3rd lift-off resist is 
formed on the aforementioned antiferromagnetism layer. The 
antiferromagnetism layer of aforementioned another side which is not covered 
by the aforementioned 3rd lift-off resist is removed, the laminating of the 
conductive layer of the aforementioned couple is carried out to the both sides 
of the antiferromagnetism layer of aforementioned another side which remained, 
and it is characterized by removing the aforementioned 3rd lift-off resist. As for 
the 3rd lift-off resist, it is desirable to form so that it may lap with a layered 
product here. 

[0040] Since a part of antiferromagnetism layer of another side is removed using 
the 3rd lift-off resist, a bias layer is exposed in the above-mentioned 
manufactiire method and the laminating of the conductive layer is carried out 
here A conductive layer is made to adjoin the both sides of the 
antiferromagnetism layer of another side, and it becomes possible to carry out a 
laminating on a bias layer moreover. The detection current fi"om a conductive 
layer can be given to a nonmagnetic conductive layer, without specific 
resistance minding the antiferromagnetism layer of large another side, the 
variation of the magnetic reluctance by the external magnetic field becomes 
large, and detection sensitivity can manufacture a high spin bulb type thin film 
magnetic cell. 
[0041] 

[Embodiments of the Invention] Hereafter, the operation gestalt of this invention 
is explained in detail with reference to a drawing. 

(1st operation gestalt) The cross section of the spin bulb type thin film magnetic 
cell which is the 1st operation gestalt of this invention is shown in drawing 1 and 
drawing 2 , and the thin film magnetic head which equipped drawing 3 and drawing 
4 with the spin bulb type thin film magnetic cell of this invention is shown. 
[0042] The thin film magnetic head 150 shown in drawing 3 is constituted 
considering GMR head hi and inductive head h2 with which 15 Id of end faces of 
a slider 151 and a slider 151 was equipped as a subject. A sign 155 shows the 
leading side which is the upstream of the move direction of the 
magnetic-recording medium of a slider 151, and a sign 156 shows a trailing side. 
Rails 151a, 151a, and 151b are formed in the medium opposite side 152 of this 



slider 151, and it is made into the air grooves 151c and 151c between each rails. 

[0043] The lower shield layer 163 which consists of a magnetic alloy with which 
GMR head hi was formed on 15 Id of end faces of a slider 151 as shown ia 
drawing 4 , The lower gap layer 164 by which the laminating was carried out to 
the lower shield layer 163, and the spin bulb t5^e thin film magnetic cell 1 of this 
invention exposed firom the medium opposite side 152, The wrap up gap layer 166 
and the up gap layer 166 consist of wrap up shield layers 167 in the spin bulb 
tjrpe thin film magnetic cell 1 and the lower gap layer 164. The up shield layer 
167 is considered as combination with the lower core layer of an inductive head 
h2. 

[0044] The inductive head h2 consists of up core layers 178 which are joined to 
the wrap up insulating layer 177 and the gap layer 174 in the lower core layer (up 
shield layer) 167, the gap layer 174 by which the laminating was carried out to 
the lower core layer 167, a coil 176, and a coU 176, and are joined to the lower 
core layer 167 in a coil 176 side. The coil 176 is pattemized so that it may 
become spiral superficially. Moreover, end face section 178b of the up core layer 
178 is magnetically connected to the lower core layer 167 in a part for the 
simultaneously center section of a coil 176. Moreover, the laminating of the 
protective layer 179 which consists of an alumina etc. is carried out to the up 
core layer 178. 

[0045] The spin bulb type thin film magnetic cell 1 of this invention is the 
so-called dual spin bulb type thin film magnetic cell by which the laminating of a 
nonmagnetic conductive layer, a fixed magnetic layer, and every one layer of the 
antiferromagnetism layers was carried out to the thickness direction both sides 
of a firee magnetic layer. In the spin bulb tj^e thin film magnetic cell 1 shown in 
drawing 1 , the sign 50 shows the ground layer which consists of Ta (tantalum) 
by which the laminating was carried out on the substrate 19. On this ground 
layer 50, the laminating of the antiferromagnetism layer 60 (one 
antiferromagnetism layer) is carried out. Moreover, the layered product 10 is 
formed in this antiferromagnetism layer 60. As for this layered product 10, the 
fixed magnetic layer 11, the nonmagnetic conductive layer 12, the firee magnetic 
layer 13, the nonmagnetic conductive layer 14, and the fixed magnetic layer 15 
are made into a cross-section **** trapezoidal shape by coming to carry out a 
laminating one by one, and the illustration XI direction (direction of the width of 
recording track) both sides of a layered product 10 are made into two inclination 



sides 10a and 10a for the layered product 10. The inclination sides 10a and 10a 
incline so that it may approach mutually towards the direction which separates 
from a substrate 19, i.e., an illustration Z direction. In addition, in drawing 1 and 
drawing 2 , an illustration Z direction shows the move direction of a 
magnetic-recording medium, and the direction of illustration Y shows the 
direction of the leak magnetic field from a magnetic-recording medium. 
[0046] The bias layers 17 and 17 of a couple adjoin the illustration XI direction 
both sides of a layered product 10. The bias layers 17 and 17 are formed on the 
antiferromagnetism layer 60 through the bias ground layers 16 and 16, and are 
located in the same hierarchy as a layered product 10. Moreover, the upper 
surface 17b forms the same field as upper sur&ce 10b of a layered product 10, 
and the undersurface 17c forms the same field as undersurface 10c of a layered 
product 10. Moreover, a part of bias layers 17 and 17 have run aground on the 
inclination sides 10a and 10a of a layered product 10. Moreover, on a layered 
product 10 and the bias layers 17 and 17, the laminating of the 
antiferromagnetism layer 61 (antiferromagnetism layer of another side) is carried 
out. The laminating of the antiferromagnetism layer 61 is carried out in contact 
with the fixed magnetic layer 15. 

[0047] In addition, it is located in the hierarchy as a layered product 10 with 
same "bias layers 17 and 17, and " means that the laminating of the bias layers 
17 and 17 and the layered product 10 is carried out to the almost same 
hierarchy to a Z direction on the basis of a substrate 19, and when bias layer 
thickness is thinner than the thickness of a layered product, it is contained 
here. 

[0048] In addition, although it seems that the upper surfaces 17b and 17b of the 
bias layers 17 and 17 are located in a substrate 19 side rather than upper 
surface 10b of a layered product 10, and the inferior surfaces of tongue 17c and 
17c of the bias layers 17 and 17 are separated and located from the substrate 19 
in drawing 1 rather than inferior-surface-of-tongue 10c of a layered product 10 
This is because the bias ground layers 16 and 16 and interlayers 18 and 18 by 
whom the laminating was done to the upper and lower sides of the bias layers 17 
and 17 are illustrated. The thickness of the actual bias ground layers 16 and 16 
and interlayers 18 and 18 is about [ of the thickness of the bias layers 17 and 17 
] 1/5, and the thickness is very thin. An abbreviation same flat sur&ce is 
constituted by the upper surfaces 10b, 17b, and 17b and the inferior surfaces of 
tongue 10c, 17c, and 17c of a layered product 10 and the bias layers 17 and 17, 



respectively. Therefore, the laminating of the antiferromagnetism layer 61 will be 
carried out to an above-mentioned abbreviation coplanar through interlayers 18 
and 18. Therefore, the bias layers 17 and 17 shown in drawing 1 do not become 
the configuration projected towards the illustration Z direction like the 
conventional spin bulb type thin film magnetic cell, although the part has run 
aground on the inclination sides 10a and 10a of a layered product 10. 
[0049] Therefore, as shown in drawing 2 , the magnetic flux (arrow E) from one 
bias layer 17 (bias layer of the right-hand side in drawing) passes the free 
magnetic layer 13, and goes into the bias layer 17 (bias layer on the left-hand 
side of illustration) of another side (arrow F), the magnetization direction of the 
free magnetic layer 13 is arranged in the illustration XI direction (arrow G), and 
the firee magnetic layer 13 is formed into a single magnetic domain by the bias 
magnetic field of these bias layers 17 and 17. Since the portion which has run 
aground to inclination side 10a of the bias layers 17 and 17 is not the projected 
configuration, the anti- magnetic field of the bias layers 17 and 17 is not 
impressed by the free magnetic layer 13, and the free magnetic layer 13 is not 
formed into many magnetic domains. 

[0050] As for the antiferromagnetism layers 60 and 61, being formed with the 
PtMn alloy is desirable. Compared with a NiMn alloy, a FeMn alloy, etc. which are 
used as an antiferromagnetism layer from the former, it excels in corrosion 
resistance, and moreover, a PtMn alloy has high blocking temperature and its 
switched connection magnetic field is also large. Moreover, it replaces with a 
PtMn alloy and is X-Mn (however, X). one sort of elements chosen from from 
among Pd, Ru, Ir, Rh, and Os are shown The alloy shown by the formula, or 
X'-Pt-Mn (however, X' shows one sort or two sorts or more of elements chosen 
from from among Pd, Ru, Ir, Rh, Os, Au, and Ag.) It may be formed with the alloy 
shown by the formula. 

[0051] Moreover, in the alloy shown by the formula of the aforementioned PtMn 
alloy and aforementioned X-Mn, it is desirable for Pt or X to be the range of 37 

- 63 atom %. It is the range of 47 - 57 atom % more preferably. In the alloy 
shown by the formula of X'-Pt-Mn, it is desirable for X'+Pt to be the range of 37 

- 63 atom % further again. It is the range of 47 - 57 atom % more preferably. 
Furthermore, as an alloy shown by the formula of aforementioned X'-Pt-Mn, it 

is desirable for X' to be the range of 0.2 - 10 atom %. The alloy of the 
above-mentioned proper composition range can be used as antiferromagnetism 
layers 60 and 61, and the antiferromagnetism layers 60 and 61 which generate a 



big switched connection magnetic field can be obtained by carrying out annealing 
processing of this. Especially, if it is a PtMn alloy, it has a switched connection 
magnetic field exceeding 800 (Oe), and the blocking temperature which loses a 
switched connection magnetic field can obtain 380 degrees C and the 
outstanding, very high antiferromagnetism layers 60 and 61. 
[0052] Since the antiferromagnetism layers 60 and 61 are in contact with the 
fixed magnetic layers 11 and 15, respectively, a switched connection magnetic 
field (exchange-anisotropy magnetic field) is discovered in each interface of the 
antiferromagnetism layers 60 and 61 and the fixed magnetic layers 11 and 15, 
and the magnetization direction of the fixed magnetic layers 11 and 15 is fixed in 
the direction of illustration Y. Therefore, the magnetization direction of the fi^e 
magnetic layer 13 and the magnetization direction of the fixed magnetic layers 
11 and 15 serve as a crossing relation. 

[0053] As for the fixed magnetic layers 11 and 15, it is desirable to consist of a 
thin film of a ferromagnetic, for example, to be formed with Co, a NiFe alloy, a 
CoNiFe alloy, a CoFe alloy, a CoNi alloy, etc. Moreover, the nonmagnetic 
conductive layers 12 and 14 have the non-magnetic material represented by Cu, 
Cr, Au, Ag, etc. to a desirable bird clapper. As for the firee magnetic layer 13, it is 
desirable to be formed with the same quality of the material as the fixed 
magnetic layers 11 and 15. In addition, although firee magnetism 13 is used as 
the monolayer also in drawing 1 , you may be the multilayer structure which 
comes to carry out the laminating of Co film and the NiFe alloy film. If it is in the 
huge magnetoresistance-effect developmental mechanics of the structure 
which sandwiches the nonmagnetic conductive layers 12 and 14 by the fixed 
magnetic layers 11 and 15 and the firee magnetic layer 13, possibility that factors 
other than spin dependence dispersion of conduction electron will arise is low, 
and it is possible to acqtiire the higher magnetoresistance effect rather than the 
direction constituted fix>m the quality of the material of the same kind 
constitutes the fixed magnetic layers 11 and 15 and the firee magnetic layer 13 
firom the quality of the material of a different kind. Moreover, the bias layers 17 
and 17 have a Co-Pt alloy, a Co-Cr-Pt alloy, etc. to a desirable bird clapper. 
[0054] The laminating of the protective layer 51 which consists of Ta etc. is 
carried out, and the laminating of the conductive layers 70 and 70 of the couple 
which becomes a protective layer 51 from Cr, Ta, Au, Cu, etc. is carried out to 
the antiferromagnetism layer 61. As for conductive layers 70 and 70, it is 
desirable that are arranged in the position which does not lap with a layered 



product 10, and estrange mutually and a laminating is carried out. Thus, if a 
laminating is carried out so that the conductive layers 70 and 70 of a couple may 
be located in the both sides of a layered product 10, it will become possible to 
impress detection current to the nonmagnetic conductive layers 12 and 14 
certainly contained in a layered product 10. 

[0055] Moreover, between the bias layers 17 and 17 and a substrate 19 and 
between the bias layers 17 and 17 and the layered product 10, the bias ground 
layer 16 which consists of Cr which is non-magnetic metal is formed. By forming 
the bias ground layer 16 which consists of Cr which is a body centered cubic 
structure (bcc structure), it can become possible for the bias layers 17 and 17 
to grow epitaxially on the bias ground layer 16, and to arrange the easy axis of 
the bias layers 17 and 17 in the predetermined direction, the coercive force and 
the remanence ratio of the bias layers 17 and 17 can become large by this, and 
the bias magnetic field for forming the fi^e magnetic layer 13 into a single 
magnetic domain can be increased. 

[0056] Furthermore, between the bias layers 17 and 17 and the 
antiferromagnetism layer 61, the interlayer 18 who consists of Ta which is 
non-magnetic metal, or Cr is formed. By forming an interlayer 18, the bias 
magnetic field for magnetic coupling not arising between the bias layers 17 and 
17 and the antiferromagnetism layer 61, and forming the firee magnetic layer 13 
into a single magnetic domain can be increased. 

[0057] In this spin bulb tj^e thin film magnetic cell 1, if the magnetization 
direction of the fi^ee magnetic layer 13 is changed by the leak magnetic field 
from record media, such as a hard disk, electric resistance will change by the 
relation with magnetization of the fixed magnetic layers 11 and 15 fixed in the 
direction of illustration Y, and the leak magnetic field fi-om a record medium will 
be detected by the voltage change based on this electric resistance value 
change. 

[0058] Next, the manufacture method of the above-mentioned spin bulb type 
thin film magnetic cell 1 is explained with reference to drawing 12 - drawing 19 . 

First, as shown in drawing 12 , the laminating of the ground layer 50, the 
antiferromagnetism layer 60 (one antiferromagnetism layer), and the lOd of the 
laminating precursors is carried out one by one on a substrate 19. lOd of 
laminating precursors comes to carry out the laminating of the fixed magnetic 
layer 11, the nonmagnetic conductive layer 12, the fi-ee magnetic layer 13, the 
nonmagnetic conductive layer 14, and the fixed magnetic layer 15 to order. Next, 



as shown in drawing 13 , the 1st lift-ofif resist 80 is formed on lOd of laminating 
precursors. As for the 1st lift-off resist 80, it is desirable to form by meanses, 
such as the PEB (Post Expose Bake) method. Next, as shown in drawing 14 , the 
portion which is not covered by the 1st lift-off resist 80 is removed by the ion 
milling method (the physical ion-beam-etching method), the antiferromagnetism 
layer 60 is exposed, and the layered product 10 of the cross-section **** 
trapezoidal shape possessing the inclination sides 10a and 10a is formed. 
[0059] Next, as shown in drawing 15 , a laminating is carried out to the 
antiferromagnetism layer 60 and the inclination sides 10a and 10a on which the 
bias ground layer 16, the bias layer 17, and the interlayer 18 were exposed at the 
previous process, and the 1st lift-off resist 80 one by one. Here, adhesion layer 
80a of the component of each class of the bias ground layer 16, the bias layer 
17, and an interlayer 18 adheres to the circumference of the 1st lift-off resist 
80. As for the bias layer 17, it is desirable to form so that the upper surface 17b 
may become the almost same position as upper surface 10b of a layered product 
10 while the part runs aground to inclination side 10a. Moreover, as for these 
each class 16, 17, and 18, it is desirable to carry out a laminating by the 
sputtering method. 

[0060] Next, make an etching reagent invade into the boundary portion which 
**** the whole to the etching reagent which can remove the 1st lift-off resist 
80 and by which the 1st lift-off resist 80 and the layered product 10 are joined 
to it, and the 1st Uft-off resist 80 and a layered product 10 are made to 
separate, and the 1st lift-off resist 80 is removed so that it may be shown 
drawing 16. Next, as shown in drawing 17 , the laminating of the 
antiferromagnetism layer 61 (antiferromagnetism layer of another side) and the 
protective layer 51 is carried out one by one on a layered product 10 and 
interlayers 18 and 18. In addition, before canying out the laminating of the 
antiferromagnetism layer 61, it is necessary to ********** upper surface 10b 
of a layered product 10 by meanses, such as ion milling or a reverse spatter, at 
least. In order that this may perform the removal process of the previous 1st 
lift-off resist 80 by etching processing in the exteriors, such as a sputtering 
system, substrate 19 grade is temporarily **(ed) by atmospheric pressure 
atmosphere, and upper surface 10b of a layered product 10 (fixed magnetic layer 
15) is polluted with impurities, such as oxygen in atmosphere, at this time. And it 
is because upper surface 10b of a layered product 10 (fixed magnetic layer 15) is 
**********ed and it is necessary by the interface of these layers to remove an 



impurity even if it carries out the laminating of the antiferromagnetism layer 61 
to the upper surface of this polluted fixed magnetic layer 15, before carrying out 
the laminating of the antiferromagnetism layer 61, since a switched connection 
magnetic field cannot be discovered. 

[0061] Next, as shown in drawing 18 , the 2nd lift-off resist 81 is formed on a 
protective layer 51, it reaches protective-layer 51 continuously and the 
laminating of the conductive layer 70 is carried out to the 2nd Hft-off resist 81. 

Here, adhesion layer 81a of the component of a conductive layer 70 adheres to 
the circumference of the 2nd lift-off resist 81. As for the 2nd Uft-ofif resist 81, 
it is desirable to form in the position which laps with a layered product 10 at the 
point that a conductive layer 70 can be located in the both sides of a layered 
product 10. And as shown in drawing 19 , the 2nd lift-off resist 81 is removed 
and the spin bulb type thin film magnetic cell 1 shown in drawing 1 is obtained. 
[0062] In the above-mentioned spin bulb type thin film magnetic ceU 1 Since the 
bias layers 17 and 17 are located in the same hierarchy as a layered product 10, 
the upper surface 17b and upper sur&ce 10b of a layered product 10 are made 
into the almost same position, and the antiferromagnetism layer 61 covers this 
bias layers 17 and 17 and layered product 10 and the laminating is carried out 

The portion which has run aground on the inclination sides 10a and 10a of the 
bias layers 17 and 17 does not project in an illustration Z direction fi-om other 
portions. The anti-magnetic field of the bias layers 17 and 17 does not form the 
free magnetic layer 13 into many magnetic domains, generating of a Barkhausen 
noise is suppressed, and sensitivity of the spin bulb type thin film magnetic cell 1 
can be made high. 

[0063] Moreover, the antiferromagnetism layers 60 and 61 are a PtMn alloy or 
X-Mn (however, X). one sort of elements chosen fi-om fi-om among Pd, Ru, Ir, 
Rh, and Os are shown The alloy shown by the formula, or X*-Pt-Mn (however, X' 
shows one sort or two sorts or more of elements chosen from from among Pd, 
Ru, Ir, Rh, Os, Au, and Ag.) Since it is formed with the alloy shown by the 
formula, can obtain the antiferromagnetism layers 60 and 61 which generate a 
big switched connection magnetic field, and if it is especially a PtMn alloy It has a 
switched connection magnetic field exceeding 800 (Oe), and the blocking 
temperature which loses a switched connection magnetic field can obtain 380 
degrees C and the outstanding, very high antiferromagnetism layers 60 and 61. 
[0064] Moreover, it sets to the manufacture method of an above-mentioned 
spin bulb type thin film magnetic cell. Since the bias layers 17 and 17 are formed 



so that the upper surfaces 17b and 17b may become the almost same position as 
upper surfece 10b of a layered product 10 The portion which ran aground on the 
inclination sides 10a and 10a of the bias layers 17 and 17 does not project from 
other portions. The spin bulb type thin film magnetic cell 1 by which the fi:ee 
magnetic layer 13 was formed into the single magnetic domain can be 
manufactured without impressing the anti-magnetic field firom the bias layers 17 
and 17 to the firee magnetic layer 13. 

[0065] Moreover, since the 2nd lift-off resist 81 is removed after forming the 
2nd lift-o£F resist 81 in the position which does not lap with a layered product 
10, and carrying out the laminating of the conductive layer 70 continuously, a 
conductive layer 70 can be formed so that it may be located in the both sides of 
a layered product 10. 

[0066] (2nd operation gestalt) ** is shown for the cross section of the spin bulb 
type thin film magnetic cell which is the 2nd operation gestalt of this invention 
in drawing 5 . In addition, in drawing 5 , the same sign is given to the same 
component as the component shown in drawing 1 mentioned above, and the 
component concerned is explained simple, or the explanation is omitted. 
[0067] In the spin bulb type thin film magnetic cell 2 shown in drawing 5 , while 
the laminating of the ground layer 50 and the antiferromagnetism layer 60 is 
carried out to a substrate 19, the layered product 90 is formed on the 
antiferromagnetism layer 60. As for this layered product 90, the fixed magnetic 
layer 24, the nonmagnetic conductive layer 25, the free magnetic layer 13, the 
nonmagnetic conductive layer 30, and the fixed magnetic layer 34 are made into 
a cross-section **** trapezoidal shape by coming to carry out a laminating one 
by one, and the illustration XI direction both sides of a layered product 90 are 
made into two inclination sides 90a and 90a for the layered product 90. The 
inclination sides 90a and 90a incline so that it may approach mutually towards 
the direction which separates fi*om a substrate 19, i.e., an illustration Z 
direction. In addition, in drawing 5 , an illustration Z direction shows the move 
direction of a magnetic-recording medium, and the direction of illustration Y 
shows the direction of the leak magnetic field fi*om a magnetic-recording 
medium. 

[0068] the [ the 1st fixed magnetic layer 21 into which one fixed magnetic layer 
24 inserts the nonmagnetic interlayer 22 and the nonmagnetic interlayer 22, and 
] - it consists of a 2 fixed magnetic layer 23 As for the thickness of the 1st 
and the 2nd fixed magnetic layers 21 and 23, considering as slightly different 



thickness is desirable, and let thickness of the 2nd fixed magnetic layer 23 be 
size fi-om the 1st fixed magnetic layer 21 in drawing 5 . Moreover, the 1st fixed 
magnetic layer 21 is in contact with the antiferromagnetism layer 60. 
[0069] The magnetization direction of the 1st fixed magnetic layer 21 is fixed to 
the opposite direction of the direction of illustration Y by the switched 
connection magnetic field with the antiferromagnetism layer 60, the 2nd fixed 
magnetic layer 23 is combined in [ as the 1st fixed magnetic layer 21 ] 
antiferromagnetism, and the magnetization direction is being fixed in the 
direction of illustration Y. Since the magnetization direction of the 1st and the 
2nd fixed magnetic layers 21 and 23 is mutually considered as anti-parallel, 
although the magnetic moment of the 1st and the 2nd fixed magnetic layers 21 
and 23 has the relation negated mutually The thickness of the 2nd fixed 
magnetic layer 23 brings a result in which the spontaneous magnetization of 
fixed magnetic layer 24 the very thing remains slightly since it is slightly large, 
this spontaneous magnetization is fiirther amplified by the switched connection 
magnetic field with the antiferromagnetism layer 60, and the magnetization 
direction of the fixed magnetic layer 24 is fixed in the direction of illustration Y. 
[0070] the [ moreover, / the 1st fixed magnetic layer 31 into which the fixed 
magnetic layer 34 of another side inserts the nonmagnetic interlayer 32 and the 
nonmagnetic interlayer 32, and ] it consists of a 2 fixed magnetic layer 33 As 
for the thickness of the 1st and the 2nd fixed magnetic layers 31 and 33, 
considering as sUghtly different thickness is desirable, and let thickness of the 
2nd fixed magnetic layer 33 be size from the 1st fixed magnetic layer 31 in 
drawing 5 . Moreover, the 2nd fixed magnetic layer 33 is in contact with the 
antiferromagnetism layer 61. 

[0071] The magnetization direction of the 2nd fixed magnetic layer 33 is fixed in 
the direction of illustration Y by the switched connection magnetic field with the 
antiferromagnetism layer 61, the 1st fixed magnetic layer 31 is combined in [ as 
the 2nd fixed magnetic layer 33 ] antiferromagnetism, and the magnetization 
direction is being fixed to the opposite direction of the direction of illustration Y. 
Since the magnetization direction of the 1st and the 2nd fixed magnetic layers 
31 and 33 is mutually considered as anti-parallel, although the magnetic moment 
of the 1st and the 2nd fixed magnetic layers 31 and 33 has the relation negated 
mutually The thickness of the 2nd fixed magnetic layer 33 brings a residt in 
which the spontaneous magnetization of fixed magnetic layer 34 the very thing 
remains slightly since it is slightly large, this spontaneous magnetization is 



further amplifiied by the switched connection magnetic field with the 
antiferromagnetism layer 61, and the magnetization direction of the fixed 
magnetic layer 34 is fiixed in the direction of illustration Y. 

[0072] The bias layers 17 and 17 of a couple adjoin the illustration XI direction 
both sides of a layered product 90. The bias layers 17 and 17 are formed on the 
antiferromagnetism layer 60 through the bias ground layers 16 and 16, and are 
located in the same hierarchy as a layered product 90. Moreover, the upper 
surface 17b forms the same field as upper surface 90b of a layered product 90, 
and the inferior-surface-of-tongue 17c forms the same field as 
inferior-sur£ace-of- tongue 90c of a layered product 90. Moreover, a part of bias 
layers 17 and 17 have run aground on the inclination sides 90a and 90a of a 
layered product 90. Moreover, on a layered product 90 and the bias layers 17 and 
17, the laminating of the antiferromagnetism layer 61 (antiferromagnetism layer 
of another side) is carried out. The laminating of the antiferromagnetism layer 
61 is carried out in contact with the fixed magnetic layer 34. 
[0073] the [ the above-mentioned 1st fixed magnetic layers 21 and 31 and ] -- 
the 2 fixed magnetic layers 23 and 33 have Co, a NiFe alloy, a CoFe alloy or a 
CoNiFe alloy, a CoNi alloy, etc. to a desirable bird clapper Moreover, the 
above-mentioned nonmagnetic interlayers 22 and 32 have one sort or two sorts 
or more of alloys to a desirable bird clapper among Ru, Rh, Os, Ir, Cr, Re, and Cu. 
Moreover, the nonmagnetic conductive layers 25 and 30 consist of the same 
quality of the material as the nonmagnetic conductive layers 12 and 14 shown in 
drawing 1 . 

[0074] The above-mentioned spin bulb type thin film magnetic cell 2 is 
manufactured like the spin bulb type thin film magnetic cell 1 mentioned above 
except the laminating of the fixed magnetic layer 24, the nonmagnetic 
conductive layer 25, the fi-ee magnetic layer 13, the nonmagnetic conductive 
layer 30, and the fixed magnetic layer 34 being carried out, and a laminating 
precursor being formed on the antiferromagnetism layer 60. 
[0075] In addition to the same effect as the spin bulb type thin film magnetic cell 
1 mentioned above, the following efTects are acquired in the above-mentioned 
spin bulb type thin film magnetic cell 2. Namely, it sets to the above-mentioned 
spin bulb t3^e thin film magnetic cell 2. It consists of 2 fixed magnetic layers 23 
and 33, respectively, the fixed magnetic layers 24 and 34 - the [ the 
nonmagnetic interlayers 22 and 32, the 1st fixed magnetic layers 21 and 31, and 
] " Since the magnetization direction of the 2nd fixed magnetic layers 23 and 



33 is fixed in the direction of illustration Y and the magnetization direction of 
the 1st fixed magnetic layers 21 and 31 is being fixed to the opposite direction 
of the direction of illustration Y, although the magnetic moment of the 1st and 
the 2nd fixed magnetic layers 21, 31, 23, and 33 has the relation negated 
mutually The thickness of the 2nd fixed magnetic layers 23 and 33 is slightly 
large, and a result in which the spontaneous magnetization of the fixed magnetic 
layer 24 and 34 the very thing remains slightly is brought. As for this 
spontaneous magnetization, it is amplified further, and a switched connection 
magnetic field with the antiferromagnetism layers 60 and 61 is firmly fixed in the 
direction of illustration Y, and the magnetization direction of the fixed magnetic 
layers 24 and 34 can raise the stability of the spin bulb type thin film magnetic 
cell 2 by it. 

[0076] (3rd operation gestalt) ** is shown for the cross section of the spin bulb 
type thin film magnetic cell which is the 3rd operation gestalt of this invention in 
drawing 6 . In addition, in drawing 6 , the same sign is given to the same 
component as the component shown in drawing 1 mentioned above, and the 
component concerned is explained simple, or the explanation is omitted. 
[0077] In the spin bulb type thin film magnetic cell 3 shown in drawing 6 , while 
the laminating of the ground layer 50 and the antiferromagnetism layer 60 is 
carried out to a substrate 19, the layered product 20 is formed on the 
antiferromagnetism layer 60. As for this layered product 20, the fixed magnetic 
layer 24, the nonmagnetic conductive layer 25, the free magnetic layer 29, the 
nonmagnetic conductive layer 30, and the fixed magnetic layer 34 are made into 
a cross-section **** trapezoidal shape by coming to carry out a laminating one 
by one, and the illustration XI direction both sides of a layered product 20 are 
made into two inclination sides 20a and 20a for the layered product 20. The 
inclination sides 20a and 20a incUne so that it may approach mutually towards 
the direction which separates fi'om a substrate 19, i.e., an illustration Z 
direction. In addition, in drawing 6 , an illustration Z direction shows the move 
direction of a magnetic-recording medium, and the direction of illustration Y 
shows the direction of the leak magnetic field firom a magnetic-recording 
medium. 

[0078] the [ the 1st fixed magnetic layer 21 into which one fixed magnetic layer 
24 inserts the nonmagnetic interlayer 22 and the nonmagnetic interlayer 22, and 
] " it consists of a 2 fixed magnetic layer 23 As for the thickness of the 1st 
and the 2nd fixed magnetic layers 21 and 23, considering as slightly different 



thickness is desirable, and let thickness of the 2nd fixed magnetic layer 23 be 
size from the 1st fixed magnetic layer 21 in drawing 6 . Moreover, the 1st fixed 
magnetic layer 21 is in contact with the antiferromagnetism layer 60. 
[0079] The magnetization direction of the 1st fiixed magnetic layer 21 is fixed to 
the opposite direction of the direction of illustration Y by the switched 
connection magnetic field with the antiferromagnetism layer 60, the 2nd fixed 
magnetic layer 23 is combined in [ as the 1st fixed magnetic layer 21 ] 
antiferromagnetism, and the magnetization direction is being fixed in the 
direction of illustration Y. Since the magnetization direction of the 1st and the 
2nd fixed magnetic layers 21 and 23 is mutually considered as anti-parallel, 
although the magnetic moment of the 1st and the 2nd fixed magnetic layers 21 
and 23 has the relation negated mutually The thickness of the 2nd fixed 
magnetic layer 23 brings a result in which the spontaneous magnetization of 
fixed magnetic layer 24 the very thing remains slightly since it is slightly large, 
this spontaneous magnetization is further amplified by the switched connection 
magnetic field with the antiferromagnetism layer 60, and the magnetization 
direction of the fixed magnetic layer 24 is fixed in the direction of illustration Y. 
[0080] the [ moreover, / the 1st fixed magnetic layer 31 into which the fixed 
magnetic layer 34 of another side inserts the nonmagnetic interlayer 32 and the 
nonmagnetic interlayer 32, and ] it consists of a 2 fixed magnetic layer 33 As 
for the thickness of the 1st and the 2nd fixed magnetic layers 31 and 33, 
considering as sUghtly diBferent thickness is desirable, and let thickness of the 
2nd fixed magnetic layer 33 be size from the 1st fixed magnetic layer 31 in 
drawing 6 . Moreover, the 2nd fixed magnetic layer 33 is in contact with the 
antiferromagnetism layer 61. 

[0081] The magnetization direction of the 2nd fixed magnetic layer 33 is fi^ced in 
the direction of illustration Y by the switched connection magnetic field with the 
antiferromagnetism layer 61, the 1st fixed magnetic layer 31 is combined in [ as 
the 2nd fixed magnetic layer 33 ] antiferromagnetism, and the magnetization 
direction is being fiixed to the opposite direction of the direction of iUustration Y 
Since the magnetization direction of the 1st and the 2nd fixed magnetic layers 
31 and 33 is mutually considered as anti-parallel, although the magnetic moment 
of the 1st and the 2nd fixed magnetic layers 31 and 33 has the relation negated 
mutually The thickness of the 2nd fixed magnetic layer 33 brings a result in 
which the spontaneous magnetization of fixed magnetic layer 34 the very thing 
remains slightly since it is slightly large, this spontaneous magnetization is 



further amplified by the switched connection magnetic field with the 
antiferromagnetism layer 61, and the magnetization direction of the fixed 
magnetic layer 34 is fixed in the direction of illustration Y. 
[0082] the [ into which the firee magnetic layer 29 inserts the nonmagnetic 
interlayer 27 and the nonmagnetic interlayer 27 ] - the [ the 1 fi-ee magnetic 
layer 26 and ] it consists of a 2 fi:ee magnetic layer 28 Moreover, as for the 
thickness of the 1st and the 2nd free magnetic layers 26 and 28, considering as 
slightly different thickness is desirable, and let thickness of the 2nd firee 
magnetic layer 28 be size from the 1st firee magnetic layer 26 in drawing 6 . 
[0083] It is mutually combined magnetically by the switched connection 
magnetic field, and the 1st and the 2nd firee magnetic layers 26 and 28 will be in 
a ferrimagnetism state by it. the [ namely, ] - the magnetization direction of 
the 2 fi-ee magnetic layer 28 is arranged in the illustration XI direction by the 
bias magnetic field of the hard bias layers 17 and 17 -- having the the 1 
firee magnetic layer 26 -- the -- it combines with the 2 firee magnetic layer 28 
in anti-****, and the magnetization direction is arranged with the opposite 
direction of illustration XI direction Since the magnetization direction of the 
1st and the 2nd fi-ee magnetic layers 26 and 28 is mutually considered as 
anti-parallel, although the magnetic moment of the 1st and the 2nd firee 
magnetic layer has the relation negated mutually Since thickness of the 2nd 
firee magnetic layer 28 is made into size from the 1st free magnetic layer 26 

Since the magnetization equivalent to the difference of this thickness turns 
into magnetization of the free magnetic layer 29 whole, and the magnetization 
direction of the free magnetic layer 29 is arranged in the illustration XI 
direction and the size of this magnetization becomes small, the magnetization 
direction of the free magnetic layer 29 is changed with sufficient sensitivity by 
change of an external magnetic field. 

[0084] The bias layers 17 and 17 of a couple adjoin the illustration XI direction 
both sides of a layered product 20. The bias layers 17 and 17 are formed on the 
antiferromagnetism layer 60 through the bias ground layers 16 and 16, and are 
located in the same hierarchy as a layered product 20. Moreover, the upper 
surface 17b forms the same field as upper sur&ce 20b of a layered product 20, 
and the inferior-surface-of-tongue 17c forms the same field as 
inferior-surface-of-tongue 20c of a layered product 20. Moreover, a part of bias 
layers 17 and 17 have run aground on the inclination sides 20a and 20a of a 
layered product 20. Moreover, on a layered product 20 and the bias layers 17 and 



17, the laminating of the antiferromagnetism layer 61 (antiferromagnetism layer 
of another side) is carried out. The laminating of the antiferromagnetism layer 
61 is carried out in contact with the fixed magnetic layer 34. 
[0085] the [ the above-mentioned 1st fixed magnetic layers 21 and 31 and ] 
the 2 fixed magnetic layers 23 and 33 have Co, a NiFe alloy, a CoFe alloy or a 
CoNiFe alloy, a CoNi aUoy, etc. to a desirable bird clapper Moreover, it reaches 
1st fi-ee magnetic layer 26, and a bird clapper is desirable also about the 2nd fi^e 
magnetic layer 28 fi-om Co, a NiFe alloy, a CoFe alloy or a CoNiFe alloy, a CoNi 
alloy, etc. Moreover, the above-mentioned nonmagnetic interlayers 22, 27, and 

32 have one sort or two sorts or more of alloys to a desirable bird clapper among 
Ru, Rh, Os, Ir, Cr, Re, and Cu. Moreover, the nonmagnetic conductive layers 25 
and 30 consist of the same quaUty of the material as the nonmagnetic 
conductive layers 12 and 14 shown in drawing 1 . 

[0086] The above-mentioned spin bulb type thin film magnetic cell 3 is 
manufactured like the spin bulb type thin film magnetic cell 1 mentioned above 
except the laminating of the fixed magnetic layer 24, the nonmagnetic 
conductive layer 25, the fi'ee magnetic layer 29, the nonmagnetic conductive 
layer 30, and the fixed magnetic layer 34 being carried out, and a laminating 
precursor being formed on the antiferromagnetism layer 60. 

[0087] In addition to the same effect as the spin bulb type thin film magnetic cell 
1 mentioned above, the following effects are acquired in the above-mentioned 
spin bulb tjrpe thin film magnetic cell 3. Namely, it sets to the above-mentioned 
spin bulb t3rpe thin film magnetic cell 3. It consists of 2 fixed magnetic layers 23 
and 33, respectively, the fixed magnetic layers 24 and 34 the [ the 
nonmagnetic interlayers 22 and 32, the 1st fixed magnetic layers 21 and 31, and 
] - Since the magnetization direction of the 2nd fixed magnetic layers 23 and 

33 is fixed in the direction of illustration Y and the magnetization direction of 
the Ist fixed magnetic layers 21 and 31 is being fixed to the opposite direction 
of the direction of illustration Y, although the magnetic moment of the 1st and 
the 2nd fixed magnetic layers 21, 31, 23, and 33 has the relation negated 
mutually The thickness of the 2nd fixed magnetic layers 23 and 33 is slightly 
large, and a result in which the spontaneous magnetization of the fixed magnetic 
layer 24 and 34 the very thing remains slightly is brought. As for this 
spontaneous magnetization, it is amplified further, and a switched connection 
magnetic field with the antiferromagnetism layers 60 and 61 is firmly fixed in the 
direction of illustration Y, and the magnetization direction of the fixed magnetic 



layers 24 and 34 can raise the stability of the spin bulb type thin film magnetic 
cell 3 by it. 

[0088] Moreover, although it will be combined in antiferromagnetism, the 1st and 
the 2nd fi-ee magnetic layers 26 and 28 wiQ be in a ferrimagnetism state and the 
magnetic moment of the 1st and the 2nd free magnetic layers 26 and 28 will 
negate each other mutually Since the magnetization equivalent to the 
difference of the thickness of the 1st fi-ee magnetic layer 26 and the 2nd free 
magnetic layer 28 turns into magnetization of the firee magnetic layer 29 whole 
and this magnetization becomes smaU The magnetization direction of the firee 
magnetic layer 29 can be fluctuated with sufficient sensitivity to change of an 
external magnetic field, and the sensitivity of the spin bulb type thin film 
magnetic cell 3 can be raised. 

[0089] (4th operation gestalt) is shown for the cross section of the spin bulb 
type thin film magnetic cell which is the 4th operation gestalt of this invention 
in drawing 7 . In addition, in drawing 7 , the same sign is given to the same 
component as the component shown in drawing 1 mentioned above, and the 
component concerned is explained simple, or the explanation is omitted. 
[0090] In the spin bulb type thin film magnetic cell 4 shown in drawing 7 , while 
the laminating of the ground layer 50 and the antiferromagnetism layer 60 is 
carried out to a substrate 19, the layered product 40 is formed on the 
antiferromagnetism layer 60. As for this layered product 40, the fixed magnetic 
layer 41, the nonmagnetic conductive layer 42, the firee magnetic layer 43, the 
nonmagnetic conductive layer 44, the fixed magnetic layer 45, and the 
antiferromagnetism thin film 46 are made into a cross-section **** trapezoidal 
shape by coming to carry out a laminating one by one, and the illustration XI 
direction both sides of a layered product 40 are made into two inclination sides 
40a and 40a for the layered product 40. The inclination sides 40a and 40a incline 
80 that it may approach mutually towards the direction which separates from a 
substrate 19, i.e., an illustration Z direction. In contact with the 
antiferromagnetism layer 60, the laminating of the fixed magnetic layer 41 is 
carried out, a switched connection magnetic field is discovered in the interface 
of these layers, and the magnetization direction of the fixed magnetic layer 41 is 
fixed in the direction of illustration Y. In addition, in drawing 7 , an illustration Z 
direction shows the move direction of a magnetic-recording medium, and the 
direction of illustration Y shows the direction of the leak magnetic field firom a 
magnetic-recording medium. 



[0091] The bias layers 17 and 17 of a couple adjoin the illustration XI direction 
both sides of a layered product 40. The bias layers 17 and 17 are formed on the 
antiferromagnetism layer 60 through the bias ground layers 16 and 16, and are 
located in the same hierarchy as a layered product 40. Moreover, the upper 
surface 17b forms the same field as upper surface 40b of a layered product 40, 
and the inferior-surface-of-tongue 17c forms the same field as 
inferior-surface-of- tongue 40c of a layered product 40. Moreover, a part of bias 
layers 17 and 17 have run agroimd on the inclination sides 40a and 40a of a 
layered product 40. Moreover, on a layered product 40 and the bias layers 17 and 
17, the laminating of the antiferromagnetism layer 61 (antiferromagnetism layer 
of another side) is carried out. The laminating of the antiferromagnetism layer 
61 is carried out in contact with the antiferromagnetism thin film 46. The 
antiferromagnetism thin film 46 and the antiferromagnetism layer 61 have the 
alloy which consists of the same composition to a desirable bird clapper. 
[0092] By canying out the laminating of the antiferromagnetism layer 61 in 
contact with the antiferromagnetism thin film 46, the antiferromagnetism layer 
61 and the antiferromagnetism thin film 46 unify, by carrying out annealing 
processing of these antiferromagnetism layer 61 and the antiferromagnetism 
thin film 46 simultaneously, a switched connection magnetic field is discovered 
in the interface of the antiferromagnetism thin film 46 and the fixed magnetic 
layer 45, and the magnetization direction of the fixed magnetic layer 45 is fixed 
in the direction of illustration Y. 

[0093] As mentioned above, the antiferromagnetism thin film 46 has the alloy of 
the same composition as the antiferromagnetism layer 61 to a desirable bird 
clapper, and being formed with the PtMn alloy is desirable. Compared with a NiMn 
alloy, a FeMn alloy, etc. which are used as an antiferromagnetism layer from the 
former, it excels in corrosion resistance, and moreover, a PtMn alloy has high 
blocldng temperature and its switched connection magnetic field is also large. 
Moreover, it replaces with a PtMn alloy and is X-Mn (however, X). one sort of 
elements chosen firom firom among Pd, Ru, Ir, Rh, and Os are shown The alloy 
shown by the formula, or X'-Pt-Mn (however, X' shows one sort or two sorts or 
more of elements chosen firom firom among Pd, Ru, Ir, Rh, Os, Au, and Ag.) It may 
be formed with the alloy shown by the formula. 

[0094] Moreover, in the alloy shown by the formula of the aforementioned PtMn 
alloy and aforementioned X-Mn, it is desirable for Pt or X to be the range of 37 
- 63 atom %. It is the range of 47 - 57 atom % more preferably. In the alloy 



shown by the formula of X*-Pt-Mn, it is desirable for X'+Pt to be the range of 37 
- 63 atom % further again. It is the range of 47 - 57 atom % more preferably. 
Furthermore, as an alloy shown by the formula of aforementioned X*-Pt-Mn, it 
is desirable for X' to be the range of 0.2 - 10 atom %. As an antiferromagnetism 
thin film 46, the alloy of the above-mentioned proper composition range can be 
used, and the alloy of the same composition as the antiferromagnetism thin film 
46 can be used also for the antiferromagnetism layer 61, and a big switched 
connection magnetic field can be made to discover by carrying out annealing 
processing of these. If it is especially a PtMn alloy, the switched connection 
magnetic field exceeding 800 (Oe) can be discovered, blocking temperature 
which loses a switched connection magnetic field can be extremely made into 
380 degrees C at an elevated temperature, and the thermal stability of the spin 
bulb t3^e thin film magnetic cell 4 can be raised. 

[0095] In addition, the fixed magnetic layers 41 and 45, the fi-ee magnetic layer 
43, and the nonmagnetic conductive layers 42 and 44 consist of the quality of 
the material eqmvalent to the fixed magnetic layers 11 and 15 shown in drawing 
1 , the fi-ee magnetic layer 13, and the nonmagnetic conductive layers 12 and 
14. 

[0096] the manufacture method simultaneously of the spin bulb type thin film 
magnetic cell 1 which explained previously the manufacture method of the 
above-mentioned spin bulb type thin film magnetic cell 4 — the time of forming 
a laminating precursor, although it is the same -- a fixed magnetic layer, a 
nonmagnetic conductive layer, a free magnetic layer, a nonmagnetic conductive 
layer, and a fixed magnetic layer in addition, it differs firom the case where the 
point which carries out the laminating also of the antiferromagnetism thin film is 
the above-mentioned spin bulb type thin film magnetic cell 1 The manufacturing 
process after this is almost the same as drawing 13 - drawing 19 , forms the 1st 
lift-off resist on a laminating precursor, it removes the portion which is not 
covered by the 1st lift-off resist by the ion milling method, exposes one 
antiferromagnetism layer, and forms a layered product. Next, a laminating is 
carried out to an antiferromagnetism layer, the inclination side, and the 1st 
lift-off resist one by one, and while the bias ground layer, the bias layer, and the 
interlayer were exposed removes the 1st lift-off resist. 

[0097] Next, the laminating of the antiferromagnetism layer and protective layer 
of another side is carried out to a layered product and an interlayer. In addition, 
before carrying out the laminating of the antiferromagnetism layer of another 



side, it is necessary to ********** the upper surface of a layered product 
(antiferromagnetism thin film) by meanses, such as sputtering. In order that this 
may perform the removal process of the previous 1st Uft-off resist in the 
exteriors, such as a sputtering system Since a substrate etc. is temporarily 
**(ed) by atmospheric pressure atmosphere and the upper surface of a layered 
product (antiferromagnetism thin film) is polluted with impurities, such as oxygen 
in atmosphere, at this time, Even if it carries out the laminating of the 
antiferromagnetism layer of another side on this polluted antiferromagnetism 
thin film It is because the upper surface of a layered product 
(antiferromagnetism thin film) is **********ed and it is necessary to remove an 
impurity, since it becomes impossible to make sufficient switched connection 
magnetic field which is sufficient for being unable to make these 
antiferromagnetism thin film and an antiferromagnetism layer unify, but fixing the 
magnetization direction of a fixed magnetic layer discover. 
[0098] Next, the spin bulb type thin film magnetic cell 4 shown in drawing 7 is 
obtained by forming the 2nd lift-off resist on a protective layer, carrying out the 
laminating of the conductive layer, and finally removing the 2nd lift-off resist. 
[0099] In addition to the same effect as the spin bulb type thin film magnetic cell 
1 mentioned above, the following effects are acquired in the above-mentioned 
spin bulb type thin film magnetic cell 4. Namely, it sets to the spin bulb type thin 
film magnetic cell 4. Since the laminating of the fixed magnetic layer 45 and the 
antiferromagnetism thin film 46 is carried out simultaneously, if an impurity etc. 
does not mix in the interface of the fixed magnetic layer 45 and the 
antiferromagnetism thin film 46 and this antiferromagnetism thin film 46 and the 
antiferromagnetism layer 61 unify In the interface of the fixed magnetic layer 45 
and antiferromagnetism thin film 46a, a big switched connection magnetic field 
can be easily discovered, and can fix the magnetization direction of the fixed 
magnetic layer 45 in the direction of illustration Y firmly. 

[0100] Moreover, in the above-mentioned manufacture method, in order to form 
simultaneously the fixed magnetic layer 45 and the antiferromagnetism thin film 
46, impurities, such as oxygen, do not mix in these interfaces. Moreover, by 
carrying out the laminating of the antiferromagnetism layer 61 to the 
antiferromagnetism thin film 46, and unifying these The antiferromagnetism thin 
film 46 will be substantially contained in the antiferromagnetism layer 61, and the 
spin bulb type thin film magnetic cell 4 to which it becomes easy to discover a 
switched connection magnetic field in the interface of the fixed magnetic layer 



45 and the antiferromagnetism thin film 46, and the magnetization direction of 
the fixed magnetic layer 45 was fixed firmly can be manufactured. 
[0101] (5th operation form) The cross section of the spin bulb type thin film 
magnetic cell which is the 5th operation form of this invention is shown in 
drawing 8 . In addition, in drawing 8 , the same sign is given to the same 
component as the component shown in drawing 1 mentioned above, and the 
component concerned is explained simple, or the explanation is omitted. 
[0102] In the spin bulb type thin film magnetic cell 5 shown in drawing 8 , while 
the laminating of the ground layer 50 and the antiferromagnetism layer 60 is 
carried out to a substrate 19, the layered product 10 is formed on the 
antiferromagnetism layer 60. 

[0103] The bias layers 17 and 17 of a couple adjoin the illustration XI direction 
both sides of a layered product 10. The bias layers 17 and 17 are formed on the 
antiferromagnetism layer 60 through the bias ground layers 16 and 16, and are 
located in the same hierarchy as a layered product 10. Moreover, the upper 
surface 17b forms the same field as upper surface 10b of a layered product 10, 
and the inferior surfaces of tongue 17c and 17c form the same field as 
inferior-surface-of- tongue 10c of a layered product 10. Moreover, a part of bias 
layers 17 and 17 have run aground on the inclination sides 10a and 10a of a 
layered product 10. 

[0104] The laminating of the interlayers 18 and 18 is carried out to the bias 
layers 17 and 17, and the laminating of the ferromagnetic thin film 47 is carried 
out to upper surface 10b of a layered product 10 with interlayers 18 and 18. The 
laminating of the antiferromagnetism layer 61 and the protective layer 51 is 
carried out to the ferromagnetic thin film 47. Moreover, the laminating of the 
conductive layers 70 and 70 of a couple is carried out to the protective layer 51. 

[0105] By carr5dng out the laminating of the antiferromagnetism layer 61 in 
contact with a ferromagnetic thin film 47, a switched connection magnetic field 
is discovered in the interface of a ferromagnetic thin film 47 and the 
antiferromagnetism layer 61. Since the laminating of this ferromagnetic thin film 
47 is carried out to the fixed magnetic layer 15, the switched connection 
magnetic field discovered in the interface of a ferromagnetic thin film 47 and the 
antiferromagnetism layer 61 is impressed to the fixed magnetic layer 15, and the 
magnetization direction of the fixed magnetic layer 15 is fixed in the direction of 
illustration Y. A ferromagnetic thin film 47 has the same quality of the material 



as the fixed magnetic layer 15 to a desirable bird clapper, for example, Co which 
is a ferromagnetic, a NiFe alloy, a CoNiFe alloy, a CoFe alloy, a CoNi alloy, etc. to 
its bird clapper is desirable. 

[0106] the manufacture method simultaneously of the spin bulb type thin film 
magnetic cell 1 which explained previously the manufacture method of the 
above-mentioned spin bulb type thin film magnetic cell 5 -- although it is the 
same, after carrying out the laminating of the ferromagnetic thin film on a 
layered product and a bias layer, it differs fi-om the case where the point which 
carries out the laminating of the antiferromagnetism layer of another side is the 
above-mentioned spin bulb type thin film magnetic cell 1 
[0107] Points other than the above are almost the same as the manufacture 
method shown in drawing 13 - drawing 19 , form a laminating precursor on a 
substrate, form the 1st lift-off resist on a laminating precursor, they remove the 
portion which is not covered by the 1st lift-off resist by the ion milling method, 
expose one antiferromagnetism layer, and form a layered product. Next, the 
laminating of a bias ground layer, a bias layer, and the interlayer is carried out to 
the antiferromagnetism layer and the 1st lift-off resist which were exposed one 
by one, and the 1st lift-off resist is removed. 

[0108] Next, the laminating of a ferromagnetic thin film, the antiferromagnetism 
layer of another side, and the protective layer is carried out to a layered product 
and an interlayer. In addition, before carrying out the laminating of the 
ferromagnetic thin film, it is necessary to ********** the upper surface of a 
layered product by meanses, such as ion milling or a reverse spatter. In order 
that this may perform the removal process of the previous 1st lift-off resist in 
the exteriors, such as a sputtering system Since a substrate etc. is temporarily 
**(ed) by atmospheric pressure atmosphere and the upper surface of a layered 
product (fixed magnetic layer) is polluted with impurities, such as oxygen in 
atmosphere, at this time It is because it becomes possible to remove an 
impurity, to unify a fixed magnetic layer and a ferromagnetic thin film 
substantially, and to fix the magnetization direction of a fixed magnetic layer 
firmly by **********ing the upper surface of a layered product (fixed magnetic 
layer). 

[0109] Next, the spin bulb type thin film magnetic cell 5 shown in drawing 8 is 
obtained by forming the 2nd lift-off resist on a protective layer, carrying out the 
laminating of the conductive layer, and finally removing the 2nd lift-off resist. 
[0110] In addition to the same effect as the spin bulb type thin film magnetic cell 



1 mentioned above, the following effects are acquired in the above-mentioned 
spin bulb type thin film magnetic cell 5. Namely, it sets to the above-mentioned 
spin bulb tj^e thin film magnetic cell 5. Since an impurity etc. did not mix in the 
interface of a ferromagnetic thin film 47 and the antiferromagnetism layer 61 
since the laminating of a ferromagnetic thin film 47 and the antiferromagnetism 
layer 61 was carried out simultaneously, and this ferromagnetic thin film 47 is 
further in contact with the fixed magnetic layer 15 The switched connection 
magnetic field discovered in the interface of the antiferromagnetism layer 61 
and a ferromagnetic thin film 47 is impressed to the fixed magnetic layer 15, and 
can fix the magnetization direction of the fixed magnetic layer 15 in the 
direction of illustration Y. 

[0111] Moreover, in the above-mentioned manufacture method, in order to 
carry out the laminating of a ferromagnetic thin film 47 and the 
antiferromagnetism layer 61 simultaneously, impurities, such as oxygen, do not 
mix in these interfaces. Become easy to discover a switched connection 
magnetic field in the interface of a ferromagnetic thin film 47 and the 
antiferromagnetism layer 61. Moreover, since the laminating of this 
ferromagnetic thin film 47 will be carried out on the fixed magnetic layer 15, 
these will unify and a ferromagnetic thin film 47 will be substantially contained in 
the fixed magnetic layer 15, the magnetization direction of the fixed magnetic 
layer 15 can manufacture the spin bulb type thin film magnetic cell 5 fixed firmly. 

[0112] (6th operation form) The cross section of the spin bulb type thin film 
magnetic ceU which is the 6th operation form of this invention is shown in 
drawing 9 . In addition, in drawing 9 , the same sign is given to the same 
component as the component shown in drawing 1 mentioned above, and the 
component concerned is explained simple, or the explanation is omitted. 
[0113] In the spin bulb type thin film magnetic cell 6 shown in drawing 9 , while 
the laminating of the ground layer 50 and the antiferromagnetism layer 60 is 
carried out to a substrate 19, the layered product 10 is formed on the 
antiferromagnetism layer 60. 

[0114] The bias layers 17 and 17 of a couple adjoin the illustration XI direction 
both sides of a layered product 10. The bias layers 17 and 17 are formed on the 
antiferromagnetism layer 60 through the bias ground layers 16 and 16, and are 
located in the same hierarchy as a layered product 10. Moreover, the upper 
surfaces 17b and 17b form the same field as upper surface 10b of a layered 



product 10, and the undersurfaces 17c and 17c form the same field as 
undersurface 10c of a layered product 10. Moreover, a part of bias layers 17 and 
17 have run aground on the inclination sides 10a and 10a of a layered product 
10. 

[0115] The laminating of the interlayers 18 and 18 is carried out to the bias 
layers 17 and 17, and the laminating of the antiferromagnetism layer 62 is 
carried out to upper surface 10b of some interlayers 18 and 18 and a layered 
product 10. The antiferromagnetism layer 62 is formed in a cross-section **** 
trapezoidal shape like a layered product 10, and the illustration XI direction both 
sides of the antiferromagnetism layer 62 are made into two incUnation sides 62a 
and 62a. The inclination sides 62a and 62a incline so that it may approach 
mutually towards the direction which separates from a substrate 19, i.e., an 
illustration Z direction. The antiferromagnetism layer 62 is formed so that the 
length of the illustration XI direction may turn into the almost same length as a 
layered product 10. This antiferromagnetism layer 62 consists of the same 
quality of the material as the antiferromagnetism layer 61 in drawing 1 . The 
laminating of the antiferromagnetism layer 62 is carried out in contact with the 
fixed magnetic layer 15, a switched connection magnetic field discovers it in the 
interface of these layers 62 and 15, and the magnetization direction of the fixed 
magnetic layer 15 is fixed in the direction of illustration Y by this switched 
connection magnetic field. Moreover, the laminating of the protective layer 52 
which consists of Ta is carried out to the antiferromagnetism layer 62. 
[0116] The conductive layers 71 and 71 of a couple are arranged at the 
illustration XI direction both sides of the antiferromagnetism layer 62. These 
conductive layers 71 and 71 are formed in contact with the inclination sides 62a 
and 62a of the antiferromagnetism layer 62 while a laminating is carried out on 
the bias layers 17 and 17 through interlayers 18 and 18. 
[0117] Next, the manufacture method of the above-mentioned spin bulb type 
thin film magnetic cell 6 is explained with reference to drawing 12 - drawing 16 
and drawing 20 - drawing 23 . In addition, since e^qplanation of drawing 12 here - 
drawing 16 is completely the same as explanation of drawing 12 in the 
manufacture method of the spin bulb tj^e thin film magnetic cell 1 mentioned 
above - drawing 16 , only drawing 20 - drawing 23 are explained here. 
[0118] The last process of the process shown in drawing 20 is as having been 
shown in drawing 16 , and if easy, if drawing 16 is again explained in order to 
close explanation of drawing 20 , drawing 16 shows the state after carrying out 



the laminating of the bias ground layer 16, the bias layer 17, and the interlayer 
18 to the both sides of a layered product 10 one by one and removing the 1st 
lift-oflf resist 80. Then, in drawing 20 , the laminating of the antiferromagnetism 
layer 62 and the protective layer 52 is carried out to a layered product 10 and 
interlayers 18 and 18. In addition, before carrying out the laminating of the 
antiferromagnetism layer 62, it is necessary to ********** upper surface 10b 
of a layered product 10 by meanses, such as ion milling or a reverse spatter. In 
order that this may perform the removal process of the previous 1st lift-off 
resist 80 in the exteriors, such as a sputtering system Since substrate 19 grade 
is temporarily **(ed) by atmospheric pressure atmosphere and upper surface 10b 
of a layered product 10 (fixed magnetic layer 15) is polluted with impurities, such 
as oxygen in atmosphere, at this time. It is because upper surface 10b of a 
layered product 10 (fixed magnetic layer 15) is **********ed and it is necessary 
by the interface of these layers to remove an impurity even if it carries out the 
laminating of the antiferromagnetism layer 62 to the upper surface of this 
polluted fixed magnetic layer 15, before carr3dng out the laminating of the 
antiferromagnetism layer 62, since a switched connection magnetic field cannot 
be discovered. 

[0119] Next, as shown in drawing 21 , the 3rd hft-ofif resist 82 is formed on a 
protective layer 52, the portion which is not covered by the 3rd lift-ofiF resist 82 
is removed by the ion milling method (the physical ion-beam-etching method), 
interlayers 18 and 18 are exposed, and the antiferromagnetism layer 62 and a 
protective layer 52 are processed into a cross-section **** trapezoidal shape. 
At this time, the inclination sides 62a and 62a are formed in the 
antiferromagnetism layer 62. It is desirable to form the 3rd lift-off resist 82 in 
the position which laps with a layered product 10 at the point that only the 
antiferromagnetism layer 62 of the portion which touches a layered product 10 
can be made to remain. 

[0120] next, it is shown in drawing 22 - as - the [ interlayers 18 and 18, the 
inclination sides 62a and 62a, and ] - the laminating of the conductive layer 71 
is carried out to 3 hft-off resist 82 While an interlayer 18 and the conductive 
layer 71 by which the laminating was carried out on 18 touch the inclination 
sides 62a and 62a, the laminating of it is run aground and carried out on it. 
Adhesion layer 82a of the component of a conductive layer 71 adheres to the 
3rd lift-off resist 82. And finally, as shown in drawing 23 , the 3rd lift-off resist 
82 is removed and the spin bulb type thin film magnetic cell 6 shown in drawing 9 



is obtained. 

[0121] In addition to the same effect as the spin bulb type thin film magnetic ceU 
1 mentioned above, the following effects are acquired in the above-mentioned 
spin bulb type thin fQm magnetic cell 6. Namely, it sets to the spin bulb type thin 
film magnetic cell 6. While the laminating of the conductive layers 71 and 71 is 
carried out on the bias layer 17 and 17 through interlayers 18 and 18 Since it is 
in contact with the inclination side-attachment- wall sides 62a and 62a of the 
antiferromagnetism layer 62, conductive layers 71 and 71 and the bias layers 17 
and 17 will adjoin through interlayers 17 and 17. Since these bias layers 17 and 
17 adjoin the layered product 10 containing the nonmagnetic conductive layers 
12 and 14 It can become possible to give the detection current from conductive 
layers 71 and 71 to the nonmagnetic conductive layers 12 and 14, without 
minding the large antiferromagnetism layer 62 of specific resistance, variation of 
the magnetic reluctance by the external magnetic field can be enlarged, and 
detection sensitivity of the spin bulb type thin film magnetic cell 6 can be made 
high. Moreover, since interlayers 18 and 18 are formed between the bias layers 
17 and 17 and conductive layers 71 and 71, the thermal diffusion between the 
conductive layer 71 which occurs with heat treatment (UV cure) by the 
manufiacturing process of the inductive head which is a back process, and the 
bias layer 17 can be prevented, and degradation of the magnetic properties of 
the bias layer 17 can be prevented. 

[0122] Moreover, it sets to the manufacture method of the above-mentioned 
spin bulb type thin film magnetic cell 6. Since the conductive layers 71 and 71 by 
which the antiferromagnetism layer 62 of the portion which laps with a layered 
product 10 was made to remain, adjoined the both sides of this 
antiferromagnetism layer 62, and the laminating was moreover carried out on the 
bias layer 17 and 17 are formed The detection current fix>m conductive layers 
71 and 71 can be given to the nonmagnetic conductive layers 12 and 14, without 
specific resistance minding the large antiferromagnetism layer 62, the variation 
of the magnetic reluctance by the external magnetic field becomes large, and 
detection sensitivity can manufacture the high spin bulb type thin film magnetic 
cell 6. 

[0123] (7th operation gestalt) The cross section of the spin bulb type thin film 
magnetic cell which is the 7th operation gestalt of this invention is shown in 
drawing 10 . In addition, in drawing 10 , the same sign is given to the same 
component as the component shown in drawing 1 , drawing 6 , and drawing 9 



which were mentioned above, and the component concerned is explained simple, 
or the explanation is omitted. 

[0124] In the spin bulb type thin film magnetic cell 7 shown in drawing 10 , while 
the laminating of the ground layer 50 and the antiferromagnetism layer 60 is 
carried out to a substrate 19, the layered product 90 is formed on the 
antiferromagnetism layer 60. As for this layered product 90, one fixed magnetic 
layer 24, the nonmagnetic conductive layer 25, the fi-ee magnetic layer 13, the 
nonmagnetic conductive layer 30, and the fixed magnetic layer 34 of another 
side are made into a cross-section **** trapezoidal shape by coming to carry 
out a laminating one by one, and the illustration XI direction both sides of a 
layered product 90 are made into two inclination sides 90a and 90a for the 
layered product 90. The inclination sides 90a and 90a incline so that it may 
approach mutually towards the direction which separates fi-om a substrate 19, 
i.e., an iQustration Z direction. In addition, in drawing 10 , an illustration Z 
direction shows the move direction of a magnetic-recording medium, and the 
direction of illustration Y shows the direction of the leak magnetic field firom a 
magnetic-recording medium. 

[0125] the [ the 1st fixed magnetic layer 21 into which one fixed magnetic layer 
24 inserts the nonmagnetic interlayer 22 and the nonmagnetic interlayer 22, and 
] - it consists of a 2 fixed magnetic layer 23 As for the thickness of the 1st 
and the 2nd fixed magnetic layers 21 and 23, considering as slightly different 
thickness is desirable, and let thickness of the 2nd fixed magnetic layer 23 be 
size from the 1st fixed magnetic layer 21 in drawing 10 . Moreover, the 1st fixed 
magnetic layer 21 is in contact with the antiferromagnetism layer 60. 
[0126] The magnetization direction of the 1st fixed magnetic layer 21 is fixed to 
the opposite direction of the direction of illustration Y by the switched 
connection magnetic field with the antiferromagnetism layer 60, the 2nd fixed 
magnetic layer 23 is combined in [ as the 1st fiixed magnetic layer 21 ] 
antiferromagnetism, and the magnetization direction is being fixed in the 
direction of illustration Y Since the magnetization direction of the 1st and the 
2nd fixed magnetic layers 21 and 23 is mutuaUy considered as anti-parallel, 
although the magnetic moment of the 1st and the 2nd fixed magnetic layers 21 
and 23 has the relation negated mutually The thickness of the 2nd fixed 
magnetic layer 23 brings a result in which the spontaneous magnetization of 
fixed magnetic layer 24 the very thing remains slightly since it is sUghtly large, 
this spontaneous magnetization is further amplified by the switched connection 



magnetic field with the antiferromagnetism layer 60, and the magnetization 
direction of the fixed magnetic layer 24 is fixed in the direction of illustration Y. 
[0127] the [ moreover, / the 1st fixed magnetic layer 31 into which the fixed 
magnetic layer 34 of another side inserts the nonmagnetic interlayer 32 and the 
nonmagnetic interlayer 32, and ] it consists of a 2 fixed magnetic layer 33 As 
for the thickness of the 1st and the 2nd fixed magnetic layers 31 and 33, 
considering as sUghtly different thickness is desirable, and let thickness of the 
2nd fixed magnetic layer 33 be size firom the 1st fixed magnetic layer 31 in 
drawing 10 . Moreover, the 2nd fixed magnetic layer 33 is in contact with the 
antiferromagnetism layer 62. 

[0128] The magnetization direction of the 2nd fixed magnetic layer 33 is fixed in 
the direction of illustration Y by the switched connection magnetic field with the 
antiferromagnetism layer 62, the 1st fixed magnetic layer 31 is combined in [ as 
the 2nd fixed magnetic layer 33 ] antiferromagnetism, and the magnetization 
direction is being fixed to the opposite direction of the direction of illustration Y. 
Since the magnetization direction of the 1st and the 2nd fixed magnetic layers 
31 and 33 is mutually considered as anti-parallel, although the magnetic moment 
of the 1st and the 2nd fixed magnetic layers 31 and 33 has the relation negated 
mutually The thickness of the 2nd fixed magnetic layer 33 brings a result in 
which the spontaneous magnetization of fixed magnetic layer 34 the very thing 
remains slightly since it is sUghtly large, this spontaneous magnetization is 
further amplified by the switched connection magnetic field with the 
antiferromagnetism layer 62, and the magnetization direction of the fixed 
magnetic layer 34 is fixed in the direction of illustration Y. 

[0129] The bias layers 17 and 17 of a couple adjoin the illustration XI direction 
both sides of a layered product 90. The bias layers 17 and 17 are formed on the 
antiferromagnetism layer 60 through the bias ground layer 16, and are located in 
the same hierarchy as a layered product 90. Moreover, the upper surface 17b 
forms the same field as upper surface 90b of a layered product 90, and the 
inferior-sur&ce-of-tongue 17c forms the same field as 

inferior-surface-of-tongue 90c of a layered product 90. Moreover, a part of bias 
layers 17 and 17 have run aground on the inclination sides 90a and 90a of a 
layered product 90. 

[0130] The laminating of the interlayers 18 and 18 is carried out to the bias 
layers 17 and 17, and the laminating of the antiferromagnetism layer 62 is 
carried out to upper surface 90b of some interlayers 18 and 18 and a layered 



product 90. The antiferromagnetism layer 62 is formed in a cross-section **** 
trapezoidal shape like a layered product 90, and the illustration XI direction both 
sides of the antiferromagnetism layer 62 are made into two inclination sides 62a 
and 62a. The inchnation sides 62a and 62a incline so that it may approach 
mutually towards the direction which separates from a substrate 19, i.e., an 
illustration Z direction. The antiferromagnetism layer 62 is formed so that the 
length of the illustration XI direction may turn into the almost same length as a 
layered product 90. Moreover, the laminating of the protective layer 52 is 
carried out to the antiferromagnetism layer 62. 

[0131] The conductive layers 71 and 71 of a couple are arranged at the 
illustration XI direction both sides of the antiferromagnetism layer 62. These 
conductive layers 71 and 71 are formed in contact with the inclination sides 62a 
and 62a of the antiferromagnetism layer 62 while a laminating is carried out on 
the bias layers 17 and 17 through interlayers 18 and 18. 
[0132] The above-mentioned spin bulb type thin film magnetic cell 7 is 
manufactured like the spin bulb type thin film magnetic cell 6 mentioned above 
except the laminating of the fixed magnetic layer 24, the nonmagnetic 
conductive layer 25, the firee magnetic layer 13, the nonmagnetic conductive 
layer 30, and the fixed magnetic layer 34 being carried out, and a laminating 
precursor being formed on the antiferromagnetism layer 60. 

[0133] In addition to the same effect as the spin bulb t5^e thin film magnetic cell 
6 mentioned above, the following effects are acquired in the above-mentioned 
spin bulb type thin film magnetic cell 7. Namely, it sets to the above-mentioned 
spin bulb t5rpe thin film magnetic cell 7. It consists of 2 fixed magnetic layers 23 
and 33, respectively, the fixed magnetic layers 24 and 34 - the [ the 
nonmagnetic interlayers 22 and 32, the 1st fixed magnetic layers 21 and 31, and 
] -- Since the magnetization direction of the 2nd fixed magnetic layers 23 and 
33 is fixed in the direction of illustration Y and the magnetization direction of 
the 1st fixed magnetic layers 21 and 31 is being fixed to the opposite direction 
of the direction of illustration Y, although the magnetic moment of the 1st and 
the 2nd fixed magnetic layers 21, 23, 31, and 33 has the relation negated 
mutually The thickness of the 2nd fixed magnetic layers 23 and 33 is slightly 
large, and a result in which the spontaneous magnetization of the fixed magnetic 
layer 24 and 34 the very thing remains slightly is brought. As for this 
spontaneous magnetization, it is amplified further, and a switched connection 
magnetic field with the antiferromagnetism layers 60 and 62 is firmly fixed in the 



direction of illustration Y, and the magnetization direction of the fixed magnetic 
layers 24 and 34 can raise the stability of the spin bulb type thin film magnetic 
cell 7 by it. 

[0134] (Operation gestalt of the octavus) The cross section of the spin bulb type 
thin film magnetic cell which is the operation gestalt of the octavus of this 
invention is shown in drawing 11 . In addition, in drawing 11 , the same sign is 
given to the same component as the component shown in drawing 1 , drawing 6 , 
and drawing 9 which were mentioned above, and the component concerned is 
explained simple, or the explanation is omitted. 

[0135] In the spin bulb type thin film magnetic cell 8 shown in drawing 11 , while 
the laminating of the ground layer 50 and the antiferromagnetism layer 60 is 
carried out to a substrate 19, the layered product 20 is formed on the 
antiferromagnetism layer 60. As for this layered product 20, one fixed magnetic 
layer 24, the nonmagnetic conductive layer 25, the fi-ee magnetic layer 29, the 
nonmagnetic conductive layer 30, and the fixed magnetic layer 34 of another 
side are made into a cross-section **** trapezoidal shape by coming to carry 
out a laminating one by one, and the illustration XI direction both sides of a 
layered product 20 are made into two inclination sides 20a and 20a for the 
layered product 20. The inclination sides 20a and 20a incUne so that it may 
approach mutually towards the direction which separates firom a substrate 19, 
i.e., an illustration Z direction. In addition, in drawing 11 , an illustration Z 
direction shows the move direction of a magnetic-recording medium, and the 
direction of illustration Y shows the direction of the leak magnetic field firom a 
magnetic-recording medium. 

[0136] the [ the 1st fixed magnetic layer 21 into which one fixed magnetic layer 
24 inserts the nonmagnetic interlayer 22 and the nonmagnetic interlayer 22, and 
] - it consists of a 2 fixed magnetic layer 23 As for the thickness of the 1st 
and the 2nd fixed magnetic layers 21 and 23, considering as slightly different 
thickness is desirable, and let thickness of the 2nd fixed magnetic layer 23 be 
size firom the 1st fixed magnetic layer 21 in drawing 11 . Moreover, the 1st fixed 
magnetic layer 21 is in contact with the antiferromagnetism layer 60. 
[0137] The magnetization direction of the 1st fixed magnetic layer 21 is fixed to 
the opposite direction of the direction of illustration Y by the switched 
connection magnetic field with the antiferromagnetism layer 60, the 2nd fixed 
magnetic layer 23 is combined in [ as the 1st fixed magnetic layer 21 ] 
antiferromagnetism, and the magnetization direction is being fixed in the 



direction of illustration Y. Since the magnetization direction of the 1st and the 
2nd fixed magnetic layers 21 and 23 is mutually considered as anti-parallel, 
although the magnetic moment of the 1st and the 2nd fixed magnetic layers 21 
and 23 has the relation negated mutually The thickness of the 2nd fixed 
magnetic layer 23 brings a result in which the spontaneous magnetization of 
fixed magnetic layer 24 the very thing remains shghtly since it is slightly large, 
this spontaneous magnetization is fiirther amplified by the switched connection 
magnetic field with the antiferromagnetism layer 60, and the magnetization 
direction of the fixed magnetic layer 24 is fixed in the direction of illustration Y. 
[0138] the [ moreover, / the 1st fixed magnetic layer 31 into which the fixed 
magnetic layer 34 of another side inserts the nonmagnetic interlayer 32 and the 
nonmagnetic interlayer 32, and ] - it consists of a 2 fixed magnetic layer 33 As 
for the thickness of the 1st and the 2nd fixed magnetic layers 31 and 33, 
considering as slightly di£Ferent thickness is desirable, and let thickness of the 
2nd fixed magnetic layer 33 be size from the 1st fixed magnetic layer 31 in 
drawing 11 . Moreover, the 2nd fixed magnetic layer 33 is in contact with the 
antiferromagnetism layer 62. 

[0139] The magnetization direction of the 2nd fixed magnetic layer 33 is fixed in 
the direction of illustration Y by the switched connection magnetic field with the 
antiferromagnetism layer 62, the 1st fixed magnetic layer 31 is combined in [ as 
the 2nd fixed magnetic layer 33 ] antiferromagnetism, and the magnetization 
direction is being fixed to the opposite direction of the direction of illustration Y. 
Since the magnetization direction of the 1st and the 2nd fixed magnetic layers 
31 and 33 is mutually considered as anti-paraUel, although the magnetic moment 
of the 1st and the 2nd fixed magnetic layers 31 and 33 has the relation negated 
mutually The thickness of the 2nd fixed magnetic layer 33 brings a result in 
which the spontaneous magnetization of fixed magnetic layer 34 the very thing 
remains slightly since it is shghtly large, this spontaneous magnetization is 
further amplified by the switched connection magnetic field with the 
antiferromagnetism layer 62, and the magnetization direction of the fixed 
magnetic layer 34 is fixed in the direction of illustration Y. 
[0140] the [ into which the firee magnetic layer 29 inserts the nonmagnetic 
interlayer 27 and the nonmagnetic interlayer 27 ] the [ the 1 firee magnetic 
layer 26 and ] -- it consists of a 2 firee magnetic layer 28 Moreover, as for the 
thickness of the 1st and the 2nd firee magnetic layers 26 and 28, considering as 
slightly different thickness is desirable, and let thickness of the 2nd firee 



magnetic layer 28 be size from the 1st free magnetic layer 26 in drawing 11 . 
[0141] It is mutually combined magnetically by the switched connection 
magnetic field, and the 1st and the 2nd free magnetic layers 26 and 28 will be in 
a ferrimagnetism state by it. the [ namely, ] the magnetization direction of 
the 2 free magnetic layer 28 is arranged in the illustration XI direction by 
magnetization of the hard bias layers 17 and 17 having - the the 1 free 
magnetic layer 26 - the — it combines with the 2 free magnetic layer 28 in 
anti-****, and the magnetization direction is arranged with the opposite 
direction of illustration XI direction Since the magnetization direction of the 
1st and the 2nd free magnetic layers 26 and 28 is mutually considered as 
anti-parallel, although the magnetic moment of the 1st and the 2nd free 
magnetic layers 26 and 28 has the relation negated mutually Since thickness of 
the 2nd free magnetic layer 28 is made into size from the 1st free magnetic 
layer 26 Since the magnetization equivalent to the difference of this thickness 
turns into magnetization of the free magnetic layer 29 whole, and the 
magnetization direction of the free magnetic layer 29 is arranged in the 
illustration XI direction and the size of this magnetization becomes small, the 
magnetization direction of the free magnetic layer 29 is changed with sufficient 
sensitivity by change of an external magnetic field. 

[0142] The bias layers 17 and 17 of a couple adjoin the iQustration XI direction 
both sides of a layered product 20. The bias layers 17 and 17 are formed on the 
antiferromagnetism layer 60 through the bias ground layer 16, and are located in 
the same hierarchy as a layered product 20. Moreover, the upper surface 17b 
forms the same field as upper surface 20b of a layered product 20, and the 
undersurface 17c forms the same field as undersurface 20c of a layered product 
20. Moreover, a part of bias layers 17 and 17 have run aground on the inclination 
sides 20a and 20a of a layered product 20. 

[0143] The laminating of the interlayers 18 and 18 is carried out to the bias 
layers 17 and 17, and the laminating of the antiferromagnetism layer 62 is 
carried out to upper surface 20b of some interlayers 18 and 18 and a layered 
product 20. The antiferromagnetism layer 62 is formed in a cross-section **** 
trapezoidal shape hke a layered product 20, and the illustration XI direction both 
sides of the antiferromagnetism layer 62 are made into two inclination sides 62a 
and 62a. The inclination sides 62a and 62a incline so that it may approach 
mutually towards the direction which separates from a substrate 19, i.e., an 
illustration Z direction. The antiferromagnetism layer 62 is formed so that the 



length of the illustration XI direction may turn into the almost same length as a 
layered product 20. Moreover, the laminating of the protective layer 52 is 
carried out to the antiferromagnetism layer 62. 

[0144] The conductive layers 71 and 71 of a couple are arranged at the 
illustration XI direction both sides of the antiferromagnetism layer 62. These 
conductive layers 71 and 71 are formed in contact with the inclination sides 62a 
and 62a of the antiferromagnetism layer 62 while a laminating is carried out on 
the bias layers 17 and 17 through interlayers 18 and 18. 
[0145] The above-mentioned spin bulb type thin film magnetic ceU 8 is 
manufactured like the spin bulb t3^e thin film magnetic cell 6 mentioned above 
except the laminating of the fixed magnetic layer 24, the nonmagnetic 
conductive layer 25, the firee magnetic layer 29, the nonmagnetic conductive 
layer 30, and the fixed magnetic layer 34 being carried out, and a laminating 
precursor being formed on the antiferromagnetism layer 60. 

[0146] In addition to the same effect as the spin bidb type thin film magnetic cell 
6 mentioned above, the following effects are acquired in the above-mentioned 
spin bulb type thin film magnetic ceU 8. Namely, it sets to the above-mentioned 
spin bulb type thin film magnetic cell 8. It consists of 2 fixed magnetic layers 23 
and 33, respectively, the fixed magnetic layers 24 and 34 - the [ the 
nonmagnetic interlayers 22 and 32, the 1st fixed magnetic layers 21 and 31, and 
] - Since the magnetization direction of the 2nd fixed magnetic layers 23 and 
33 is fixed in the direction of illustration Y and the magnetization direction of 
the 1st fixed magnetic layers 21 and 31 is being fixed to the opposite direction 
of the direction of illustration Y, although the magnetic moment of the 1st and 
the 2nd fixed magnetic layers 21, 23, 31, and 33 has the relation negated 
mutually The thickness of the 2nd fixed magnetic layers 23 and 33 is slightly 
large, and a result in which the spontaneous magnetization of the fixed magnetic 
layer 24 and 34 the very thing remains slightly is brought. As for this 
spontaneous magnetization, it is amplified further, and a switched connection 
magnetic field with the antiferromagnetism layers 60 and 62 is firmly fixed in the 
direction of illustration Y, and the magnetization direction of the fixed magnetic 
layers 24 and 34 can raise the stabiUty of the spin bulb type thin film magnetic 
cell 8 by it. 

[0147] Moreover, although it will be combined in antiferromagnetism, the 1st and 
the 2nd firee magnetic layers 26 and 28 will be in a ferrimagnetism state and the 
magnetic moment of the 1st and the 2nd fi-ee magnetic layers 26 and 28 will 



negate each other mutually Since the magnetization equivalent to the 
diflference of the thickness of the 1st free magnetic layer 26 and the 2nd free 
magnetic layer 28 turns into magnetization of the free magnetic layer 29 whole 
and this magnetization becomes small The magnetization direction of the free 
magnetic layer 29 can be fluctuated with sufficient sensitivity to change of an 
external magnetic field, and the sensitivity of the spin bulb type thin film 
magnetic cell 8 can be raised. 
[0148] 

[Effect of the Invention] As mentioned above, as explained in detail, it sets to 
the spin bulb type thin film magnetic cell of this invention. It is constituted so 
that the field of the thickness direction both sides may form the field and 
abbreviation same side of the thickness direction both sides of the 
aforementioned layered product, while a bias layer is located in the same 
hierarchy as the aforementioned layered product. Moreover, since the 
antiferromagnetism layer of another side covers the aforementioned bias layer 
and the aforementioned layered product and the laminating is carried out The 
cross-section configuration of a bias layer does not become what projected and 
sharpened like the conventional spin bulb type thin film magnetic cell, a free 
magnetic layer is not formed into many magnetic domains by the leakage 
magnetic field from a bias layer, and the Barkhausen noise of a free magnetic 
layer can be reduced. Moreover, since it is located in the hierarchy as the 
aforementioned layered product with the same bias layer, the bias magnetic field 
of a bias layer can fiilly be impressed to the free magnetic layer of a layered 
product, the magnetization direction of a free magnetic layer can be arranged in 
the predetermined direction, and a free magnetic layer can be formed into a 
single magnetic domain. 

[0149] Moreover, it sets to the spin bulb t3rpe thin film magnetic cell of this 
invention. Since it is constituted so that the antiferromagnetism layer of 
another side will touch an antiferromagnetism thin film and the 
antiferromagnetism layer of another side may be united with this 
antiferromagnetism thin film If an impurity does not mix in these interfaces and 
this antiferromagnetism thin film and the antiferromagnetism layer of another 
side unify, in the interface of a fixed magnetic layer and an antiferromagnetism 
thin film, a big switched connection magnetic field can be easily discovered, and 
can fix the magnetization direction of a fixed magnetic layer in the 
predetermined direction firmly. 



[0150] Moreover, it sets to the spin bulb type thin film magnetic cell of this 
invention. Since the ferromagnetic thin film is prepared between the layered 
product and the antiferromagnetism layer of another side at least Since an 
impurity did not mix in the antiferromagnetism layer of another side, and the 
interface of a ferromagnetic thin film and this ferromagnetic thin film is in 
contact with the fixed magnetic layer A switched connection magnetic field is 
easily discovered between an antiferromagnetism layer and a ferromagnetic thin 
film, and this switched connection magnetic field is impressed to a fixed 
magnetic layer through a ferromagnetic thin film, and can fix the magnetization 
direction of a fixed magnetic layer in the predetermined direction. 
[0151] By moreover, the thing to consider as the spin bulb type thin film 
magnetic cell using the alloy shown by the formula of the alloy which reaches on 
the other hand and is shown in the antiferromagnetism layer of another side by 
the formula of X-Mn, or X'-Pt-Mn It compares with the thing using the NiO alloy 
currently used for the antiferromagnetism layer fi-om the former, the FeMn 
alloy, the NiMn alloy, etc. It becomes possible to consider as the spin bulb type 
thin film magnetic cell which has the property which was [ excel / further / a 
switched connection magnetic field is large, and blocking temperature is high, 
and / in corrosion resistance ] excellent. 

[0152] In the spin bulb t3^e thin film magnetic cell of this invention, since the 
conductive layer of a couple estranges mutually and the laminating is carried out 
on the antiferromagnetism layer of another side, detection current can be 
certainly impressed to a layered product. 

[0153] The conductive layer of a couple may be a thing which adjoins the both 
sides of the antiferromagnetism layer of another side, and comes to carry out a 
laminating to the aforementioned bias layer, moreover, in this case Since a 
conductive layer and a bias layer adjoin and the bias layer adjoins the layered 
product containing a nonmagnetic conductive layer It can become possible to 
give the detection current fi-om a conductive layer to a nonmagnetic conductive 
layer, without minding the antiferromagnetism layer of large another side of 
specific resistance, variation of the magnetic reluctance by the external 
magnetic field can be enlarged, and detection sensitivity of a spin bulb type thin 
film magnetic cell can be made high. 

[0154] Moreover, a bias magnetic field required for the formation of a single 
magnetic domain of a free magnetic layer can be increased, without magnetic 
coupling occurring between a hard bias layer and the antiferromagnetism layer of 



another side by preparing the interlayer who consists of non-magnetic material 
like Ta and Cr. Moreover, the thermal diffusion between the conductive layer 
which occurs with heat treatment (UV cure) by the manufacturing process of 
the inductive head which is a back process, and a bias layer can be prevented, 
and degradation of the magnetic properties of a bias layer can be prevented. 
Furthermore, by preparing the bias ground layer which consists of Cr which is a 
body centered cubic structure (bee structure), it becomes possible for a bias 
layer to grow epitaxially on a bias ground layer, and to arrange the easy axis of a 
bias layer in the predetermined direction, and the coercive force and the 
remanence ratio of a bias layer can become large, and can increase a bias 
magnetic field required for the formation of a single magnetic domain of a firee 
magnetic layer. 

[0155] When a free magnetic layer consists of the 1st and the 2nd free 
magnetic layer which were combined in antiferromagnetism through the 
nonmagnetic interlayer, it is magnetically combined by the switched connection 
magnetic field, and the 1st and the 2nd free magnetic layer will be in a 
ferrimagnetism state, at this time moreover, for example If thickness of the 2nd 
firee magnetic layer is made into size more sUghtly than the 1st firee magnetic 
layer the the magnetization direction of 2 free magnetic layer arranges in the 
fixed direction by magnetization of a bias layer - having -- the -- the 
magnetization direction of 1 free magnetic layer — the it considers as the 
opposite direction of the magnetization direction of 2 free magnetic layer - 
having the [ 1st ], although the magnetic moment of 2 free magnetic layer 
will negate each other mutually Since thickness of the 2nd free magnetic layer 
is made into size from the 1st free magnetic layer Since the magnetization 
equivalent to the difference of this thickness turns into magnetization of the 
whole free magnetic layer and this magnetization becomes small, by change of an 
external magnetic field, the magnetization direction of a free magnetic layer is 
changed with sufficient sensitivity, and can enlarge detection sensitivity of a spin 
bulb type thin film magnetic cell. 

[0156] Moreover, when a fixed magnetic layer consists of the 1st and the 2nd 
fixed magnetic layer which were combined in antiferromagnetism through the 
nonmagnetic interlayer. If it is combined magnetically, and the 1st and the 2nd 
fixed magnetic layer will be in a ferrimagnetism state and make the thickness of 
the 1st and the 2nd fixed magnetic layer change slightly with switched 
connection magnetic fields, even if the magnetic moment of the 1st and the 2nd 



fixed magnetic layer negates each other mutually The spontaneous 
magnetization of a fixed magnetic layer remains slightly, and this spontaneous 
magnetization is fiirther amplified by the switched connection magnetic field with 
an antiferromagnetism layer, it becomes possible to fix the magnetization 
direction of a fixed magnetic layer firmly, and stabiUty of a spin bulb type thin film 
magnetic cell can be made high. 

[0157] The manufecture method of the spin bulb type thin film magnetic cell of 
this invention Since form a layered product on one antiferromagnetism layer, a 
bias layer is formed in the both sides of this layered product, the upper surface 
of this bias layer is made into the almost same position as the upper surface of a 
layered product and the laminating of the antiferromagnetism layer of another 
side is carried out on this The cross-section configuration of a bias layer does 
not become what projected and sharpened like before, but the spin bulb type thin 
film magnetic cell by which a firee magnetic layer was not formed into many 
magnetic domains by the leakage magnetic field fi'om a bias layer, and the firee 
magnetic layer was formed into the single magnetic domain can be 
manufactured. Moreover, since it is located in the hierarchy as the 
aforementioned layered product with the same bias layer, the bias magnetic field 
of a bias layer can fiiUy be impressed to the fi*ee magnetic layer in a layered 
product, the magnetization direction of a firee magnetic layer is arranged in the 
predetermined direction, a firee magnetic layer is formed into a single magnetic 
domain, and stability of a spin bulb type thin film magnetic cell can be made high. 
[0158] Moreover, it sets to the manufacture method of the spin bulb type thin 
film magnetic cell of this invention. Carry out the laminating of a fixed magnetic 
layer, a nonmagnetic conductive layer, a firee magnetic layer, a nonmagnetic 
conductive layer, a fixed magnetic layer, and the antiferromagnetism thin film, 
and the aforementioned laminating precursor is formed. In contact with the 
aforementioned antiferromagnetism thin film, you may carry out the laminating 
of the antiferromagnetism layer of another side, in this case In order to carry 
out the laminating of a fixed magnetic layer and the antiferromagnetism thin film 
simultaneously, impurities, such as oxygen, do not mix in these interfaces. 

Moreover, since an antiferromagnetism thin film will be substantially contained 
in the antiferromagnetism layer of another side by carrying out the laminating of 
the antiferromagnetism layer of another side to an antiferromagnetism thin film, 
and unifying these A switched connection magnetic field can be discovered in 
the interface of a fixed magnetic layer and an antiferromagnetism thin film, and 



the spin bulb type thin film magnetic cell equipped with the fixed magnetic layer 
to which the magnetization direction was firmly fixed by this switched 
connection magnetic field can be manufactured. 

[0159] Furthermore, it sets to the manufacture method of the spin bulb type 
thin film magnetic cell of this invention. After removing the aforementioned 1st 
lift-off resist, a ferromagnetic thin film may be formed on a layered product at 
least, and the laminating of the antiferromagnetism layer of another side may be 
carried out to this ferromagnetic thin film, in this case In order to form 
simultaneously a ferromagnetic thin film and the antiferromagnetism layer of 
another side, impurities, such as oxygen, do not mix in these interfaces. Since 
will become easy to discover a switched connection magnetic field in the 
interface of a ferromagnetic thin film and the antiferromagnetism layer of 
another side, and the laminating of this ferromagnetic thin film will be carried out 
on a fixed magnetic layer, these will unify and a ferromagnetic thin film will be 
substantially contained in a fixed magnetic layer The discovered switched 
connection magnetic field can fix the magnetization direction of a fixed magnetic 
layer firmly. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section having shown the structure at the time of 



seeing the spin bulb type thin film magnetic cell which is the 1st operation 
gestalt of this invention fi-om an opposite side side with a record medium. 
[Drawing 2] It is a ** type view for explaining the hard bias film of a spin bulb tj^e 
thin film magnetic cell and the direction of magnetization of a fi-ee magnetic 
layer which are shown in drawing 1 . 

[Drawing 3] It is the perspective diagram of the thin film magnetic head equipped 
with the spin bulb type thin film magnetic cell which is the 1st operation form of 
this invention. 

[Drawing 4] It is the cross section of the important section of the thin film 
magnetic head shown in drawing 3 . 

[Drawing 5] It is the cross section having shown the structure at the time of 

seeing the spin bulb type thin film magnetic cell which is the 2nd operation form 

of this invention from an opposite side side with a record medium. 

[Drawing 6] It is the cross section having shown the structure at the time of 

seeing the spin bulb type thin film magnetic cell which is the 3rd operation form 

of this invention firom an opposite side side with a record medium. 

[Drawing 7] It is the cross section having shown the structure at the time of 

seeing the spin bulb tj^e thin film magnetic ceU which is the 4th operation form 

of this invention firom an opposite side side with a record medium. 

[Drawing 8] It is the cross section having shown the structure at the time of 

seeing the spin bulb tjrpe thin film magnetic cell which is the 5th operation form 

of this invention fi-om an opposite side side with a record medium. 

[Drawing 9] It is the cross section having shown the structure at the time of 

seeing the spin bulb type thin film magnetic ceU which is the 6th operation form 

of this invention from an opposite side side with a record medium. 

[Drawing 10] It is the cross section having shown the structure at the time of 

seeing the spin bulb type thin film magnetic ceU which is the 7th operation form 

of this invention from an opposite side side with a record medium. 

[Drawing 11] It is the cross section having shown the structure at the time of 

seeing the spin bulb t5rpe thin film magnetic ceU which is the 8th operation form 

of this invention firom an opposite side side with a record medium. 

[Drawing 12] It is process drawing for explaining the manufacture method of the 

spin bulb type thin film magnetic cell of this invention. 

[Drawing 13] It is process drawing for explaining the manufacture method of the 
spin bulb t5rpe thin film magnetic cell of this invention. 

[Drawing 14] It is process drawing for explaining the manufacture method of the 



spin bulb type thin film magnetic cell of this invention. 

[Drawing 15] It is process drawing for explaining the manufacture method of the 
spin bulb tjrpe thin film magnetic cell of this invention. 

[Drawing 16] It is process drawing for explaining the manufacture method of the 
spin bulb type thin film magnetic cell of this invention. 

[Drawing 17] It is process drawing for explaining the manufacture method of the 
spin bulb type thin film magnetic cell of this invention. 

[Drawing 18] It is process drawing for explaining the manufacture method of the 
spin bulb type thin film magnetic cell of this invention. 

[Drawing 19] It is process drawing for explaining the manufacture method of the 
spin bulb type thin film magnetic cell of this invention. 

[Drawing 20] It is process drawing for explaining other manufacture methods of 
the spin bulb type thin film magnetic cell of this invention. 

[Drawing 21] It is process drawing for explaining other manufacture methods of 
the spin bidb type thin film magnetic cell of this invention. 

[Drawing 22] It is process drawing for explaining other manufacture methods of 
the spin bulb type thin film magnetic cell of this invention. 

[Drawing 23] It is process drawing for explaining other manufacture methods of 
the spin bulb type thin film magnetic cell of this invention. 
[Drawing 24] It is the cross section having shown the structure at the time of 
seeing the conventional spin bulb type thin film magnetic ceU fi-om an opposite 
side side with a record medium. 

[Drawing 25] It is a ** type view for explaining the hard bias film of a spin bulb 
type thin film magnetic cell and the direction of magnetization of a firee 
magnetic layer which are shown in drawing 24 . 
[Description of Notations] 

I, 2, 3, 4, 5, 6, 7, 8 Spin bulb type thin film magnetic cell 
10, 20, 40, 90 Layered product 

10b, 20b, 40b, 90b The upper surface of a layered product 
10c, 20c, 40c, 90c The undersurface of a layered product 

II, 24, 41 Fixed magnetic layer (one fixed magnetic layer) 

12, 25, 42 Nonmagnetic conductive layer (one nonmagnetic conductive layer) 

13, 29, 43 Free magnetic layer 

14, 30, 44 Nonmagnetic conductive layer (nonmagnetic conductive layer of 
another side) 

15, 34, 45 Fixed magnetic layer (fixed magnetic layer of another side) 



16 Bias Ground Layer 

17 Bias Layer 

17b The upper surface of a bias layer 
17c The undersurface of a bias layer 

18 Interlayer 

19 Substrate 

2131 The 1st fixed magnetic layer 
22, 27, 32 Nonmagnetic interlayer 
23 33 The 2nd fixed magnetic layer 
26 1st Free Magnetic Layer 
28 2nd Free Magnetic Layer 

46 Antiferromagnetism Thin Film 

47 Ferromagnetic Thin Film 

50 Ground Layer 

51 52 Protective layer 

60 Antiferromagnetism Layer (One Antiferromagnetism Layer) 

61 62 Antiferromagnetism layer (antiferromagnetism layer of another side) 
70 71 Conductive layer 

80 1st Lift-OfF Resist 

81 2nd Lift-Off Resist 

82 3rd Lift-0£f Resist 
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[5!i«*^/5l*L<fc3t-rsglS] til^T, ei£*WXt! 

TXSl 17,11 KD—mf}^. A-r TXTife^l 1 40 
6,116 ^1^l.Tmm» 1 1 0 (DjS#4fiW 110a, 

1 1 0 a^rsr)±^fT, *«i i 9*^f.atns:i^[fijci«] 

0®±af=tja(Cfe-5A-1'7Xa 1 1 7, 11705feSl 
17 a, 1 1 7 att, 5feofcBrffiJg*tt;ia:-r>Ttr^-5, 
[0 0 10] :i<Dtzisb. 0 2 5 {c^-TJ; 5 «r, — :^r®A 
-iTxmi 1 7(D5fei^gKi 1 7 a*^e,cosnamA^*, 7. 

If >A-;l/^Mi^l^fiS^S^^ 9 $ nTti-5±gB-> 
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If (0^5RB]A) i:i/iO-^-r<. 7'J-fi8ttSl 1 

fT^c:i7!»^*Hlii:;5:0, X bf>A;P^^S^iKm^^ 9 

[0 0 11] A-YTT.*! 1 7, 117©5feSig5 

117a, 117 a*^e)©gij®jin^#*^, B9iaA-f 7 

7'j-aiiBi 1 scDMiSfcgiun^n. iiosi^if 

WBRt^^RBJC) A'fTXBl 17. 117 

<t:$nTAVUi7/\':7-fe*>y -f x*^j«sp UT u s t 3 

[0 0 12] MtC. A-f TXBl 17. 1 1 7H, A-f 
TXTifeB 116, 116 ^itL'XmtS. 119 itCttH 
$nTti-5fci6fC, S^fiSttBl 1 &(DX\:f3}^Mm\Z 

mmt^ ^ii\zi3.*). -erofc* 7 u -m^m 1 1 3 tc/N* 

Bl 1 3«mKft!lfflI*^»{rfT3 3:i:*tfflMt?SoT. 
[0 0 13] *%B^«. ±BBCD^S$rffSi-r-5fei!6tr;^ 

$nfc=b<DT. :7U-attBfrB]jra3n^A-f Tx^ni 
^n^z.t.ffiis.<. y^)-w&m<DmKmm^Simzn 

$e.tc. ^:®xfcf>A;p:;''Masi^i8M*^«:«iAit 

[0 0 14] 

[ii@5:«si-r-2)feJ6®^g] -hffiwew^afigr^fc 

A;p^^«)«jl^«^«, g»«»c«B$tifc 
BSnXJiO. Bt[BB-;^«)S^B8ftB±fCJ^fiit$nfc« 

m^t. mmmmv^(Dmm\z^m.vxm%iy')-m^m 
©a{t::^r6]^-:^ifi]tcm^^-*f®A*'f TXBi:, H5ie 

mmy ^)-m^m\zm.mmm^^x^-n<r>m^mi^^ 

mii&.m±.\zm^^nxm%zmm^LW\cmm\z^m.^ 
n, Htrf2ft&:*«;5^^ttB*^, Bate-^tro/N'-f txb© 

■r^. $fc. wtaA'-i-TxBtt. t<Dm^^\pmm<Dm 

iio\zm^^ntzz.L^m^t.-t^. sjc. H^tate:?^© 
K^m^mifi. wiW^-(77.m±i/^Mmwmmmz^ 
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[0 0 15] ±m<DX}dyjw:/mmmmm.m^\zi=\,^ 

=i-<r)^o\z. n^r7.m(r)mMmm^^m\^x'ji-orz% 
<D iL ms. e> -f, /N*-r r x e*^ ^ (Dmrm^\z j; o x ^ u 

[0 0 16] ifc. *5ig«(oxtr>A-;i.:/s^Mm^* 20 
m^mmzKmimmtmm^n. m^mso^wM 
wmmz^m^nx^^^z.t.^mmt.t^. ^tc, k 

[0 0 17] Jif5(DXt!>A*;W:/S»Ki^M^^{C*it.i 

x\t. mmmzR^mitmmi)mm-^ti?>o)x:in^<D 

iimtK^miimmt(D^m\zxiz^f£^^i^'^mwf)^ 
^mz%M u TH^attw ©m^b^^fsi ^m^<D-^i^ \z^ 
HtH^-r-s z. t.i)mm\zis.^, 

[0 0 18] *^?g®Xtf>A*JP>^M»KflB^m 
[0 0 19] ±ia©Xt!>A*Jl'>'^»li<^M^^{c43l^ 

Ttt, ^mm^mi^^:)s(r>Kmi^miLi)mmzmm-& 40 
[0 0 2 0] mm-:fsmf-m^mi3<DKmii^m\%. x 

-Mn ifcfiV, X\t. Pt, Pd, Ru, Ir. R 

h, os©3-5d^e.as?3n« itt®7n^«:^-r. ) o 
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&rXt9ffi<fi:^®R^B8ft®tt, X' -Pt-Mn (fcfe* 
U, X' Pd, Cr. Ru. Ni, Ir, Rh. O 

tP t©^t^S*^3 7M^^%6A±6 SIS^^ttTrofBH 

T$.-:)Tt>^ti, B9taJK^IBtt»IKtt, X-Mn 

(itffb. Xtt, P t, Pd. Ru, I r. Rh. Os 

©3^A^^as?^n.5 ia©7E3NS:^-r. ) o^t^^e 

ns-&^d^^;a:0> Xdt3 7m^%eAJt6 3S^a6£ilT 

X' -Pt-Mn itctzV. X' tt. Pd, Cr, 
Ru, Ni, Ir, Rhx Os. Au, Ae<Dot>t'>>o 

s#?$n-5 ia*fc«2am±<D7cig**-r. ) <d^x 

^^tl'S^^^^e.^D. X' iP t®^ffh*7it3 7M^ 

[0 0 2 1] S3SattS^it^;S^fiStt»lltC. X-Mn 
©SC-C*$n-5^^*it«X' -P t -MnOiCT?*^ 

n-5^^?&ffli.^fcxtf>A-;i.-rsSKiSM3g^<»:-r5:i 

FeMn^^, N i Mn-^^ift 

tf >A';pyM»)»[iKas^^ ;i tit^^miz 

[0 0 2 2] *5S5^0XE>A-;pyS!Sf|gHKft^Ttt> 

xmmm:^(DR^mmm±izmm^nxf3:^ ^it^&^m. 
t-rs. z:oit«B«. mmi^tmf3i<hf£r,^&m\zmm 

m^v(kmizmmmz^^n^$^m^mmmiz^mr?> c 
[0 0 2 3] ^Tc, Htrffiffi:^cDS^attatt. wteaH 

OH9fB-*froAMTXBcD-g|5{C^LT««^n, WfB 
-*f®#«Btt, MfBte:fy®S3ifiSttB©M#Jf:ll!IS 
*^^HtffBA*-f TXetrfflS^nTt/iTt)J;Vi. ^1© 

<Dmmizit&m^^mn^:&f^{z^i^xmi&-r^mmm 
m\tmv3(0K^miim\zmr^hmzju77,m\zmm 

Sn, ^feA''rT7>B«#ai4««S*-&tyfflB^*:<tlSI 

^^^m:f3<DK^mi^m^iffr^iit£ < $^m^mmmiz^ 
iiactdtpitii^o, i^^mmz^^m^i&^omt 
m^iz^< i^x:;f.tf>/vi'Zfmmmmm.^i'(D^mm& 
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[0 0 2 4] sfc, :^^m<D7.k:>/'{)irmmmm%m 
ju 7xmiimmm:^<DR^m^mt(Dm\z. t a sfc 

Ta, C r<D<J;5;^#iS14^35^b;>5:^+W«^tgH-^.l 

[0 0 2 5] if^^^ci7.\iy)V\'ZfmmmmmM 

MK/W 7Xei:BtrlB«S{t:i:®Ki5J;tXHtffaAW T;?. 
MtWie*«<i:©ratc, C r*^^;a:SA'-rTXT«f!Ji7&« 
^tt^nfc;ii:^!ttSifr^, #:'L>a:;^«jg (be c« 
ig) -Cfe-5C r *^^yi^/\'-f TXTffiB€:Klt^Ct(C 
J: 0 , WIB/AW 7XS*V\*-r 7XTJffiB±T-x tr^'^^v 

[0 0 2 6] sfc, f9i537ij-fi8i4jg«, mm^xm 

^2 7'j-ett»*tsi,^,{cs^mtt«nc^-&$nT, m 
® ^ft::^[n)*ts I i {cS^ff t $ tiT t i ® -r o T 

*i*tym 1 2 S^^ttB h-t-^hU^. 

HUIBfg 1 @^mtt^iH?rfBm2 S^^ttM^^'Sl^tcSSa 

fiSttWtci^^snT, H^^lB^l@sai4B®^a^b:&l^ili 

[0 0 2 7] 7U-«tt)i*^ #J8fttf3PBlBS^UTR 

mi. m2:7U-ettH75^32^i^^JS#fCctoT 

fc#*^li:*:<i:-rsi, ^2 :7lJ-mttB<39m^^::^|S]*v^' 
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7 'J -S8ttJi®iiS*«m 1 7 U -JSttBJ: 0:*:<!:$*IT 

[0 0 2 8] ^fc. H^iiSttH*^, #mtt+raB^;fM. 
TR^®tt«»Ci^^$nfcmi. m2@SlSttB*^^75: 
mi, m2B^fiStt«7&^*3SmiS^mf^tC<i;oT 

mi> m2SSfiSttB©JP$^^fi7!»McS;Sbb«?>-5t, 
mi, m2@Sfi8ttBoa^^-^>h*^'ffl5{c*T^rN 

[0 0 2 9] Sit. *5!eg©»)^aa'\>y Ktt, X^-f 
20 [0 0 3 0] *5IB^(7)Xt>A;uyM»K?K^*^WS 

^^iitcmi u:? h:^^^-:^^!-*}^^^. B^IBmiu:? 
h:^y}y'j7.y'\zm.t>nx\'^is.\>mmmmmm^^^^ 

L T WSB-*©S!SJS14M Stii ^ -B-T«gf^ ^ Pfig 
L, MttiL'fcBtflB-:^©;S^meBS:A< TXS<£-«B 
LT, ^©±ffi^WfBa«<*:cD±®<tStil^i;fi:Mt 
30 b, tfliami 'J-^h:*-^^-:^::^.!-?:!^*^. ^:ft<i:t) 

BfriBA'-f 77.m<r>-w.ik.xsmumm¥^<r>±.\zm^(DK^ 
mttg&asb. MtBte:^©s^j^ttHc^-r-&-^tw 

[0 0 3 1] Sfc, ±IB®SijSafr;fetiTti, 
0 X 5^ > i^T -5 CI i: * W S L 1. ^ . 

[0 0 3 2] ±iB®§Sjg;&ffi»r;feiiTtt, mm{^(Dmm 

(CAW TXgi&^tt^SStc, AW yxBo±ffi*^*a«fi^ 
40 o)±Mtmim\:'^m\zis.^iio\z>-<.-ir7.m^mm 

;Se-r, A-f TX»A^^«jinB^#tCJ:-:>T7U-mtt 
B75^*#fi^E{b$n^ CI <h;^>^*:^< , y 'J 
{b$n;fcxe>A';P:/S»^mmsgT*Sjif-i>c<i:7&i 
BitHc:;5:S. m l 'J 7 h:^^^':^^ NWl^jfettil 

50 JC<koT3^^i^^jS^©5!3K*«ia«F5n-&. «£t>T, ffi 
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[0 0 3 3] mrz. :^mm<^7.}^yjvi'-:/mmmm%m 

iz\t, m:^<DR^mi^mt:mm-r^mizR^m^mm<D 
±m^7.ny^m<D^wnzj:K)x-y'^yif-r?>z.tAm 

[0 0 3 4] ±m<Dmm.-^miziii^T\t. mmi$^ m:^ 
©a^ffiftS) \zR^m^mm^mmr?>rzsbiz^n^ 

<D^m\zii:i.mmm(D^ummx'it-r. ^tcRmm^m 
mizm:^<DR^m^m^mmvx:itiib^-i^<fr^^ 
i fc J: o -cKmm^mmt>mmmzm:^(0Kmm&m \z 

mmt(D^m\zx^mf^-^m^f)mmv. ^(D^mm-^ 
mmz^K) mit:^\^^mm izm^^nrcm^m\im=&m 

^. ^Tc. m:^<o&m&^m<Dmmm\zmmi^ (K^m 

[0 0 3 5] :^%m(D7.i^y/-^)]^-:fmmmm^m 
Sri^SLit^tc. ^ai4»ii*^j>;s< tfemtaaBfitiJc 

fHA'-f 7 X B co^J^;^ < i -SB® _h(c«M L T ^ ti. 

/-? >;/ ^ .fc 0 X «y ^ > y f -5 t * Ix 

[0 0 3 6] ±IE©Sjg:^fetC:feliTa, StJKISSIMtr 

i^:^0K^miim ^mmr^rabiz z.n^<D^miz \t.m 

mt<D^mizT^mf&-^m^f)mmi.^-t<f3iK>. sfc 
:i<Dmm^mmm:^(Dm^miim±izmm^nx:in 

iz^^n^z ti,zti^o:)-v. %mvrc^m^'^m^:^m 
:^<Dm^m^m(Dmi\::^m^^mizmm-r^ c: tt^-^m 
izu^. ^mis^mm(Dmmtiinz. mmi$^ (te^<^ 

mtt:nmffnz-i$.iti^. m^m^m(Dmit:^m^^m 

[0 0 3 7] 2|i:56?g®7,tf>A*;i':^S!^IKfiSm^ 
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xhizmt>nTuti.i.^wsmm:^(DKmmii.mizmm-ict 
(Dmmm^mmv. B»ge^2ij7h:t7^>?xh$:i^* 

mmt^tmu^.i:oizi^tiz-r^:ittim^\^^K 

[0 0 3 8] ±fe©SJjg;^S{r43i.iT«. 
L/bM»C:m2U7l>:*-7Ui?XhSI^*-r5®T, 
10 B^, ^2U7h:t7U>?Xh*«Jg^$n;a:*^ofc«RJ^^ 

(©*-tr«»-r^c:t*tT#^„ mz. m2^)yh-^yu 

i^TsV^mma^-hmt^^^mzj^m-mt. mmm^n 
m»<omm\zmi.t^ a 5 \zmmt^ z. t.f}mmt.fs. 

[0 0 3 9] SJC, :*:5!B^©7,fcf>;m:/S!^^®^Sg 

T<DiSii:^s«, mzum(Dx\:L>n)vymMmm%m 

»b> Htr«2^3U7h:t7Uv'Xh«liS*-rSJ:t&<l* 

mt-rs. z:^Tm3U7hxj-7i/>'xh«, as**:.*: 

[0 0 4 0] ±fB«SJjg;^^{C*5l/iT«. |g3 U:7 h:t 

^i&tfi<Dmtmf)^:k^ < tj.-yx^m^mf)mi^7.ki>A 

[0 0 4 1] 

mm\.xmm\zmmr^. 

1 (Dmmmm) m i stXEi 2 ic^si^gom 1 o^m 

V. m3is!.um4\z^mM(D7.\^>;vi-:fmmmm^m 

40 [ 0 0 4 2 ] la 3 iiz^Tmmmm.^^y k 1 5 0 7,^ 
-i^i 5 1 1> x^-ryi 5 lo^BBi 5 1 d»ri»^e> 

±i$-tLxms^^nx^^^^. nm5 5\t. x^^f^i 

droX^-ryi 5 10D(^f*:*f[S]®l 5 2tC«, I/— JH 
5 1a, 15 1a, 151 b*^'?gfiK$n, S-1/-;U[^± 
mit, X.7-ifJl—-:fl 5 1c. 15 1 ciSnxVi 

50 [0 0 4 3] E4fC^-rj;5fC, GMR'X-y Kh 1 
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xv-(yi5 KD^ffii 5 1 d±\zm^^nrcm^-b^ 

3i>^;a:5TS5->— JPKJBl 6 3t, TIK'>-;i'HS 1 6 

3 ir «B ^ tl^cTS154= W ^® 1 6 4 t , ^ft:** [6]® 1 

1 1 , X >/\*;i/:rs»KiKm«i^ 1 sz/TSB^^ :^ 

Bl 6 e^&a^iaSv'-^l'KBl 6 7<h;)&^^,«fiK$nT 

[0 0 4 4] -r>y^5=--<:/'\y Kh 2«, Ta?37B 10 

(±gBv— ;l/F«) 1 6 7<h, TSBaTBl 6 7C«)i 
^ftifc^i' 1 7 4 1, 3-f;n7 6i. a-Y;!/! 
7 6«ra5±gi5ie«fe»l 7 7 t, T^H 1 7 4 1C«^ 

-&sn. d^o^-f;!/! 7 6fflHrTTaP=iTPi 6 7tc:^ 
^sn-5±SB;37W 1 7 8 t*^e.«fiK$nTir^-2). n-f 

7 8»»^agl 7 8b*tT§P3TBl 6 7lca 

^WfCjIigE^nTVi'S.. Sfc, ±gBnTg 1 7 8»cli, 

[0 045] ^mmcDT.i^yAji'Zfm.mmmm.mi- 1 
^'f:i7)vx\f>/-^)i-/mmmmm.mT'c$)^. muz 

2 , 7 u -mttB 1 3 , 4^m^mmm 1 4 . m^m^m 

( h ^ ;>i|S:^|pl) mm\t 2 OWM^fiJ® 1 0 a , 10 

at^nxVi^S, m^ffl®! 0 a> 1 0 a«. 1 9 

[0 0 4 6] 1 0 CD0^X l;^InlM#JtC«. -M 40 

(DA'-fTXBl 7. 1 7;5i^^LTti-5. A*-f7XPl 
7. 17tt, A'^TXT^fiSie. 1 SSrtft-bTS^lB 

ttS6 o±{c^it^nT««#:i otmcmm\z&mL 

Tl/i^o *Jt, •€-®±Ml 7 b3i^*«B(^l 0W±®1 0 

mi 0 c izm-m^m^VTi,-^^. ^tz. awtxbi 

7,17 (D-^t)mmtf^ 1 0 WMMfi'iM 1 0 a , 10a 
lC^D±tfTi.^^. Sfc, «S^1 ORO^A-frxgl 
7,17 <D±\Zit. R^m^m 6 1 «t&*©S^E8tt 

m) iimm-^nx^^^. K^m^me nt, m^m\tm so 
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[0 0 4 7] ;3:i3. rA'-f7xBi7, i 7*« 

«iB«^i oti^i^pgBir&et, J tit. /uTxmi 
7, 1 7 sD^asfr 1 0 d^*. &mi B'^mmtvxzij 

IR] (C^C* U T i; Pgg 5 tlT ^ t SrS* 

[0 0 4 8] (^4, 01 (c:*5(,iT«, AW t;^S 1 7, 1 
7®±®17b, 1 7 b*^*aBff 1 0®±® 1 0 b<fcO 
9fi!|{c:te«U, A*'fT;^Bl7, 17<DTffil 
7c, 17c f}mmt^ 1 0 ©TB 1 0 c J; 0 1 9 

7.B17, 1 7©±TtraB$n;tA'<7XTifeBl 
6, leSyJ'fMBlS, 1 8*B*bTli§fc*Tfc 
0, ll[^,®A*-f ZXTSfiBl 6. 1 6&Utcf>pBlg 1 8, 
1 8©jp$ttA*< TXB 1 7, 1 7<D*$«5^}-«1S 
«X*oT-t©P$*^'ffi*T^<, «B«:l OSt/^A'^ 
TXB17. 17©±ffil0b, 17 b, 1 7 bStTF 

®ioc, 17 c, 1 7 c\z^K)'tn'enmm-^mti^ 
mm.$n^. t^eoxM^^ttBe us, ■t'raBis. i 
8 vx±m<Dmm—w-m±izmm -^n^^nitzu 

-5. ioT, ^1 JC^TAW TXBl 7, 1 7«, 

-gK;»5^*aBft: 1 0 ©M^fiiJffi 1 0 a , 1 0 a (C^ 0 ±tf 
Tl^^fc®©, tJe*®Xt!>A;l'yM»^«S^*^OJ; 

otw, mmz:f3^iz^ft-fx^mi'rzmmz\m^fs.^^. 

[0049]^^■^T, 02 fC^T<t 5 t , — :fyCD/N*-f 7 
XB17 (04'*ffl©A-^TXB) A^^(DmtR (^EP 
E) :7ij-mttBi 3^iijilbTfl6::^<DA<7XB 

17 (0*fcfi>J©A''f T7.B) fCAD (^H3F) , cn 
e>©A-fT7.Bl 7, 1 7©A-f77.?K3f^lt<toT-7U 

-mttBi 3®s^<k:^ffi]*tgi^xi:^[fi](cm^e,n 

B 1 7 , 17 ©ffi^fiiJB 1 0 a \zmD±l>fXl^»^^^ 
«, 5gtiiLfcJ^*STa;&ti®T?, AWTXBl?, 17 

(DKmm^y u -mttB i 3 jctopt-s :i t*^;a< , 7 
u-mttBi 3*t^i^K{ksn^^:t*t7it,i. 

[0 0 5 0] S^^ttSe 0, 6 1«, PtMn-&^T 

*^e.S3SSSttBi:LT^ffl^nTVi^N i Mn^#^F 
eMn-&^75:t*(rit'<T»Attt'Stl, L'75^t)::^D v + 
>i^fiaf*^ii<, PtM 
n-&^trf^AT, X-Mn Xtt, Pd, R 

u, I r, Rh, O s ©5^74''?.a*?$n-5 ia©7C* 

^^■r. ) os:T^$n^-g-^*-5)t^tix' -pt-M 

n (.tzfcL, X' it. Pd, Ru, I r, Rh, Os, 
Au, Ag<Do*>f>^iE>mili^tl?>im^tc\t2m&,±<D 

[0 0 5 1 ] ^fz. mmP t Mn-&^t5<±;0:mrfBX-M 
n®SC-e^$nS-&^Jrl5tiT, P t feSI/ittX*i3 7 
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<tt. 4 7~5 7Ig^%©IBHT*S. Se)t'*fc, 

X' -P t -MnO^-C*$n-5-&^H*5V^T. X' + 

p t At3 7~6 3mi-%<DmmT$>^:itf)m^v^^o 

J;0»*L<tt. 4 7~5 7^^%©«efflT*-g.. ^ 

iz. mux' -p t -MncDic-e^^ns^^tbT 
a, X' *to. 2~ 1 osT%©ieHT*s.i<h*iai 

1 ^#^;it*t-e^5o <»:<tC. PtMn^^T'^n 

\t. 8 0 0 (oe) ^e^s3Jifei^^m#^Sr=tb. ism 

i>«nfcS3S«atts 6 0,61 :i <h3&«-r#-5. 
[0 0 5 2] s^fiSttB 60,61 \tm^m^m 1 1 , 

1 5lC-&n-^nSLTli-5©T, S^jH4g6 0.6 1 
i:HSflS14S 11,15 tCD^n-?nOD#fflJCT^^iS 

1 5©sg'ft*rB]*^Ei^Y:^rrp](c@^3n^. ^-ot. y 
[0 0 5 3] B:tisi$@ 11, 1 5 11, m.m^iii<Dmm 

j6^e>:^D, ^l^ti, Co, NiFe-&^, CoNiFe 
CoFe^^, CoN i-&^;Si:-C}g^$n-5i: 
tdWiUt^. Sfe, #fi8tt3IMl2, 14tt, C 
u, Cr, Au, Ag;a:i'tcf^«$ns#P«tt^*:d>6;S: 

s t L 7 u -esttB 1 3 «, m^miim 1 

I, 1 5 i:|^#©**Sl?J^*£$nSC:<h*tJfiL.tn 
iSS, 01 fC*5ViT«7>J-«tttl 3tt*-PtSnTVi 

CoK, N i Fe^^ll^«HbTAj:^#e«je 30 
TfeoTfe^l^o #l^tt««gl2, 14*@^attM 

II, isLyu -m^m 1 3 <»:-c*tj«jt©g;^«am 

S^^*fg*«H»tca&oTtt, HSettBl 1, 1 5t 

A-fTXB17, 17 
ti, Co-P t^^'^Co-C r-P t-&^^*^e>;S:S 

[0 0 54] MSamttS 6 1 tCli, m^itT a i^ii:*^ 5, 40 

u?>umm5 lamm^n. ^mm5nz\t. cr, t 

a, Au, C u/j:<i:*^e.;'j:-2>-*f®#«^7 0. 7 0 

mmsnr^^^. mmmio. 7o«, «H^f:io<i:a 

dODj:5»r-*#©3l«B7 0, 7 0*«a 
Sflci 0©M{gi|(cf4Bt-^=fc^tc:a)l$nti«, ^tB« 
git&«^(c«»<*: 1 0 12,1 

[0 0 5 5] A'-f TX^ 17,17 4:*« 1 9 t 

©W, RU^, A*'f7;^®17, 1 7 1 0 iora 50 
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mm 1 6*«is;tte.nTtiS. flj'L-si^&siig (b c c«i 

ifi) T3i-5C r3>^?);^^A*-rTXT*B 1 6<&|gtt^d 
ttCJcO, AW 1 7, 1 7*tA'-f 7XT*B 1 6 
±-ext!^+->-\';UfieSL-TA*-f7XBl 7, 17®fiS 

tCj;OA'^TXBl 7, 1 7 (DUmt)RZfAmitf}^iz^ 

< 75: 0 , 7 u -fi^ttw 1 3 ^mmmtr^r^nxDn-i t 

[0 0 5 6] MfC, AW7Xgl7, 17i:jR^®14e 

6 1 torat'tt, •e3Jx.«#at4^ST^^Ta^L<« 
C r *'>^)fjS't'FB^B 1 8d^iatj-e)nTli-5. (f'WBl 8 
Sriaij-SdttCJzO, A'-1'TXP17, 1 7 iSSfifiStt 
H 6 1 1 ©M^a^ilg^d^^ ^1 t*i7a: < , 7 U 
ttS 1 3 <&^eE^bt-*Ac*<DAW77.®|f*J8;fc:$-B- 

[0 0 5 7] ::<ox fcf >/N*;i':/S!»i|gfiSM3g^ i Ta, 
/N- H X X 35: t'OIB® J«ft:*^ 6 ©StUKI^JC J; o T 

7 u 1 3 (r>m.{^-n^ii^^mt^}^. 0*y:^isi 

tca5£SnfcH^att«l 1, 1 50j^ft;tOH^T« 

[0 0 5 8] ^^tc, ±fB©xe>A';u-/^^^eM*^^ 
i»«jt;&fe^Si 2~0i 9?£#flgLTiJi?^t-^. * 
T, 01 2tcS^-rJ:'5{C, 1 9 ±trT«!li 5 0 , R 

mmm^ o (-^^©s^aifB) Rt^aewK^^i o 

d^«B;*:«H-rs, «BHt[ffi#: 1 0 d «, HSl^ttPl 

1 , #iKtt««B 12, 7 'J -mttB 1 3 , umi&Mm, 

B14, @^<aH4Bl 5*)«trffiBUT-5:Sfe©-Cfe 

^^CtrEll 3fc*-rj;'5tC, «HW^i*:l 0d±(cm 
1 U 7 h:t:7P-vX h 8 0 SrJ^fiEf ^. ^1 'J7h:4-:7 
^>'Xh8 0«, PEB (Post Expose Bake) W^ii<r> 

^1 Vi^yv=^7.V^ (s\zWorcz\^U\^ 

y^m tcj;o^3feLTS^attB6 o^srsms-a-T, 
«^s^fia® 1 o a, i o ai&*ffrs»fffi«iiis#j^4^®« 
1 0 ^jg^-r?). 

[0 0 5 9] i5c(r, 015 ic^f J; 3 <C, A'-f TXT* 
B16, A-f TXBl 7RZ/4'^1B1 8$:, 5fe®XS-e 
gfflS-a-fcS^attB6 0 tffl^Jffll 0 a, 10 at 
Hi 'J7h:+71/-:^Xh8 0<htC|lHi>:«B-r^o d d 
T, mi •J^h^^^v'XhS 0(Di^H(rH, AW7X 
T«SB 1 6 , A-f 7XB 1 7 Rt^^TB^B 1 8 <D«-S®«I 
fiit*t!|sf©f*3ifB 8 0 a*if!t«-rs. AW TXB 1 7 tt, 

gK*t<Sm'M 1 0 atr^0±tf-5t^^fC. 
Ml 7 b*^'fflB^l 0®±ffil 0 biltatSlHlDfirai;;!^; 

16, 17, i8tt, Ts^v^'^yyifmzxmm-t^z. 
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[0 0 6 0] ^1 'J7 hJi-^kv'T. h8 O^^S 

•J :7 UifX h 8 0 s. ;^icic, S 1 7 tc^ 

TJ^otz. mmi$-i osD^iTflai 8> i 8co±n. s 
^{SttB 6 1 m:ij(DR^m^m) Risumm s i 
^Amm-r^o t^. R^mitme i^mm-r^wnz, a^u 

Ki^^mmWl 0(D±MI 0b$r-f*>5'J>i^*fc« 

end. 5fecD||l U7 h:^^^^^ hS OCD^^XS^ 

0 (H^iStt^l 5) ©±®1 0 b*^*?^^$n-2>. 

[0 0 6 1] ^fc. 01 S\zmtii'o\z. fsmms iJi 

5 lB:0:m2U>'h:r7Ui?Xh8 1 7 0 

M-r-g>. ^CT, m2 >J 7 h^7lxvX h 8 ICD^HIC 

««»7 o®#i*ig*fiiEf©f*«B8 1 afimm-r^, 

mizm^-r^ ^izA^. mmi^ i o (Dmmizmmm 70^ 
&m^-&^^iit)ix^^M.xvf^v\/\ ^vxmi9\z 

mtJzoiz. m2^}yh:tyui^xh8 l^f^^VX. 

m 1 \z7nry.}^>j-^)vfmmmm%m^ 1 *tf#eti-5o 
[0 0 6 2] ±ai<Dx e y/vv:/mmmm.Mm=f- 1 fc:i5 
viT«, A'-fTxei 7. 1 7*i. asflci oii^upi 

»CeSLT-5-<0±® 1 7 b iiWJi^^ 1 0 (D±S 10b 

t:^n2lS|^i;fi[gi$n, ^;tS^mt4»6 l*?;i(7)A* 
-fTXSl7. 1 7 t«S#:l 0*«oT«H$nTt/^ 
■5©-Zr. AW 1 7. 1 7 ©M^fiiJSi 1 0 a , 10 

a\zmo±ifxi,^^ mm^'tomo^m^i: o z 

fc?§m-r^^t*i;^<, A'-TTXBl 7, l7®Mm# 
*i7'J-fiStt«l S^^mK^bf ^^t*i:^<. A*;l':i7 

/N':7-tf >y x<Dm±i)mm^nxy.\i>Jvvymmm: 

[0 0 6 3] i fc. S^^tt^ 60. 6 1 tt. P t M n 
^^^tzitX-Un (.rcfzL. X\t. Pd, Ru. I 
r, Rh, O s«^^*ie>M*iStl.2) ia®7C*^* 
•r. ) ©iCT^SnS'&^fe-SVittX' -Pt-Mn 

(fc;/^L, X'«, Pd, Ru, Ir, Rh. Os,A 

:fc:#;a:3g«life^mifL$§6*t--5S^JKtt)i6 0, 6 
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l^m^Z.ti)^X^> mzP tUn-^^X$>tHt. 8 0 

0 (oe) ^m^^s^w^u■^m^^mv. 

^£^3:/o>y4^>yi@S*t3 8 O'CtSfeT^lrJflinfc 
S^fi^14H6 0. 6 1 ^5r^-5Ci:*iT'^5. 
[0 0 6 4] ^tz. ±^«xtf>A*;i/:/M»Ka^^^ 
®S3g*}feJC*t.iTtt, AWTX^l 7, 1 7*, 

±®i7b, 1 7 ht>mmi^i o<D±mi obtmim 
c&mizfs.^j:3izm^t^<DX\ AWTxsw, 1 

7 1 0 a > 1 0 a (C^ D ±ifrc^»i)^^(Dm 

10 <D8B5i'J;t)|gm-r-5Jli5&i;^<, AWTXg 1 7, 17 

*^^®sfis#*^7'j-fisttwi sizmm^ti^^iiifsi 

[0 0 6 5] m2U7h:^7Ui?Xh8 1 

<*:l 0 iai&^;^lifi[mtC?gfiKL, ^t^T^«S7 0^ 
WBbfc^lC. m2'J:7h:t:7Ix>?Xh8 l^^*f-2> 
OT. ^««7 0&M«i*:l OCOMfiOfC'firM-r^Jc^tC 

[0 0 6 6] m2(Dmmmm) m5iz:^mm(Dm2 0 

20 *]lfeJ^ffiT*^xe>A*;i/yM»MaM«TcD»f®0^ 

^mmLm~<Dm^^mtz\m-nnt:iiv. mmm^ 
wmiz-D\,^xitmm\zmm-r^i!)^^v<it^<Dmm?:^ 

[0 0 6 7] ms iz^-rx\i>/'<jv^mmmm^mf- 2 

{'*3liT«, a« 1 9 lcT*g 5 0 tSSfifiSttB 6 0 *t 

mmmzs. y^)-m\tmi 3. #i^tt«««3o> a 
30 ^mi^m3 4timAmm^nxf3.^'h<Dx$>K>. <z<Dm 

S#:9 0ttW®SB§#^«i$n, «Bft:9 0©E^X 
l:^|B]MfiiJtt2-3«j«^fiiM9 0 a. 9 0ai:$nTt^ 
-5. 9 0a, 9 0 a tt. »tg 1 9 

CO 0 6 8] -;^©@5£«8ttB2 #iSft4'faS2 

2 t, ^fiSf^tfPBlB 2 2 ^m^^ 1 SgattB 2 1 RZS- 
40 m2@^mttB2 3t*^^.^£S. mi, m2a^^tt« 
2 1,2 3(DffS«, M*^tCS/5:-5iP$fr-5^t*tJf 
^L<. 0 5lC:feliT«. m2@^fi8ttJg2 3®)gJP*t 
miH^i^<4B2 li;D;k:t$nTliS. ^fc, ^IH 
Smtt«2 UJS3SiStt«6 OtCSbTl^-5. 

[0 0 6 9] B 1 BSfiS^4« 2 1 «a<t^fl6j«, 
14g 6 0 tW3^ai|g^lK#»r J; 0 S*Y:&|rIWS^**I6] 
tcaSSn, m2@^iStt«2 3«, miH^l^^4B2 

1 t.K'^m'&m\z^-^\^x^<Dmit-)5[^tim7T^Yij^\z 
H^^nxvi-s. mi, m2a^iSttB2i, 2 3<Dm. 

50 -fk^ifiidistMcs^fTtsnTi^-sroT, mi, m2@ 
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mmitm 2 1.23 oa^^-^ > hf)mmzn-^mL 
^5M«ic»s*^ f^2@^m\tm2 3<Dm^*m*^\z 

[0 0 7 0] ^fz. 3 4 tJ. #fiStt4' 

rae 3 2 1> ^mit'pmm s 2 =&^*tj^ 1 m^m\tm 3 

lB:0^|g2@^mttg3 3<i:*^e,:i5:-S>. ^1, ^2@^ 

«ttB3i, 3 3(Dm^it. ma^izmfs-^m^t-r^z. 

i*W*b<. S5fc43tiTtt, m 2 aSSSttJl 3 3 (7) 

^2@«J^tt«3 3ttS^«SttP6 IfC^UTliS, 
[0 0 7 1] m2@Sette3 3«)®^t*l6lH, SSiHK 

14«6 1 t(D^mf^'^mmzj::K)m7^Y:^\^\zm^^ 

tl, ^ 1 3 1 ^2 3 3 

{rH5£$nTViS. mi> m2B:tffl[14B3 1, 3 3© 

^<b:^|6l*miitCj5¥fTi:$nTVi^©T, mi. ^2 

sj^jasttssi. 3 3<DmM.'t-;*->hAmKiznt>m 
L^^M»c»s*^ m2@s«tte3 3©;p$7&tfii*» 

{'S^i^mtfiD. c<Dg5!SS{k*tS^JStt»6 1 toy 

[0 0 7 2] mm<^9 0 (Dm^xi:^\^nmiz\t. -Kt 

©n-fTX»17. 17*t^^bTlvS. A'-TTXPl 
7, 17ti. /N'-fTXTSfiSl 6. 16^lffVXK^m 

itme 0 ±\zwnf^nxmmi^9 0 tmcf^m^z&uv 

hiim-m^m^v. -^-wtbi 7 cAiaB#:9 o®t 

®9 0 c tl^— ffi<£j^figbTti-5. A*-fTXBl 
7. 1 7<D-mmm^9 0(DmM^^9 0 a. 90a 

tC^OitfTt^'^o *fc. «^#:9 OBiZ^A'-l'TTiWl 
7. 17©±C«. SSSiSttBei (fa:;^©^?^^^ 

«) tmm^nx^^^o shafts 6 us. H^esttH 

3 4 iSLTaB^nxVi-S. 

[0 0 7 3] ±fE©mi @«mt4B2 1. 3 1^:1/^2 
@5t«SttB2 3. 3 3«, m^ii. Co. NiFe-& 
^. CoFe^^. fe^VifiCoN i F e-&^. CoN 

't'^1S2 2. 32 Ru. Rh. Os. Ir, Cr. 
Re. Cu®-5-^ lffl*-5tiH2ffle^±®-&^*^?>;fa:^ 
^ti^WSbti. Sit. #<^tt«««2 5. 3 0tt. ^ 

1 \z^vrc$¥mitmmm 12.14 

[0 0 7 4] ±mff)xi^>/-^)iymmmmn.mT2u. 
K^m^m 6 0 ±izm^mitm 2 4 i^fijii^me 2 5 
1 7 u -mttB 1 3 t^m^tmmm 3 0 ta^inis 3 

4 t*«fflM$nTas«rffi^ic*«j^j5!c$tis c 
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[0 0 7 5] ±iE©xt;>A-;i.-/si»Km^^^^2(ri3 

u^mzM^xsKT(D^^timiin^o sn*.. 
tr>/\*;i.:/S!»lK?l^^^ 2 {ciJi^Ttt, 2 

4 . 3 4 ^N^ittf^lB 22. 32Lm\ S^iKttff 
2 1. 3 1 Jit/m 2 @^ai4B 2 3 , 3 3i:*^^>^n-€' 
tlfi 0 , m 2 mW&m 2 3.3 3 ©a^k^^lSjdtH^ Y 
10 :^l6]tC@jt$n, ^l@«iSSfte2 1. 3 1©«^k*[6l 

*^'0^Y:^ip]®s*f:^[B](cg|^$nTVi-5©T, mi. 

m2@;£fi^tt«2 1. 3 1. 2 3. 3 3©^at-^> 

2 3. 3 3(Dm-&f)mimziz^<. H^tB8tte2 4. 3 
4a<*:©g5US8^l;*iil*MCJS^i^^<i:;5:0. CWg^lK 
<b*^S^iiai4« 6 0 . 6 1 <h©3Siai^^lS#tCJ;oTM 
tCJ«<@$n. B«ai4g2 4. 3 4©il^^k;^[6]dt0^Y 

:&fSi(c^B»cB^sn, ;^t:>A';i':/S!?¥iHK^3S^2 
20 [0 0 7 6] {m3<ommmm) mQ\z^%m<Dm3<D 

^■mmtm-<r>m^^m\z\im-m^^i;=iv. ^mm^ 
mmzr:>^,^x\tfe^mzmmt^i)^m\^<\t.^(Dmm^m 

[0 0 7 7] m&\zm-r7s\f.yn)v:fmnmm%m'^3 
jc;fetiT«. Ml 9\z-rmmzohmm^m& 0*5 

fig^nxv^s, fliM«^2oa. B:eiHtB2 4, 

30 ^«)i2 5. 7U-MttB2 9. #<^tt^«B3 0. S 
^mtt«3 4*«i)ca«$nT;^-5fc©XfeO. vi©a 
»^^:2 Ott»f®«|llS-^0ttt5n, «S<t:2O©0^X 
l*[BjWfi!ltt2t3©«^fi!lB2 0 a, 2 0atStlTVi 
-So «^#M2 0 a. 2 0 a«. 1 9*^e.^tl-55^ 

[6]. fiP-&0^z:^[p](crpittTSv^(c^jfit-'5J:5tcM^ 

J««:©»i&^[6l&*b. 0^Y*|6lfilK^IS®«ifls:*>P, 

©J^tl^#©;&[p] ^r^-r. 
[0 0 7 8] -:^©B^mtt^ 2 4 «. IfSStt^T^IM 2 
40 2 t. #^fi^tt^FBlB 2 2 ^^tsm. 1 B^ilttff 2 1 

m2m^m^m2 3 ht^^ts.^, mi. m2B5efi5tte 

2 1. 2 3©JP$tt, ffi;i^(CSi^^PSfr-5C:t*W 
SL<. ll6tr*3t,iTtt, m 2 B^fiSttS 2 3 ©IKiP^t 
miBSfiSttB2 1 J;0::>c<i:$tlTI.^-5). miH 
^IKttli 2 1 \t.Kmi^m 6 0 tcSSLTUS, 

[0 0 7 9] mi B^lStt* 2 1 ©efk^r[6]«. R?ijfiS 
ttS 6 0 <h©3Smi^^iiS^lCcfc 0 m^Y-f3\^(DKn-:^\P\ 
(CB«$tl. m 2 BSfi^ttB 2 3 (S. miB^attS2 

1 tw.mmmzm't\^x^<r>m.vc.:fs^i>m7^Y:f3mz 

50 BS^tlTl^S. mi. m2H:£JKttS2 1, 2 3©fi8 
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ft::^isj*^*atMcR¥fTi:snTti-5©-c, mi, m2m 

^5M«g{C*S*t, m2@^jS14B2 3®JP$*tfil74WC 

fl::&iRj*«0^ y;^ rsiJc @g $ . 

[0 0 8 0] ffi^OS^fiSiSS 3 4 

mm 3 2 3 2 srt^om 1 s^tiSttB 3 

l&t;^2H]tJKtt«3 3i:*i^;5:-5, Hi, f^2m^ 10 

ffittgsi, 3 3©jp^?H, muMzmu^m^fr^:! 

t*^»$b<, E6{'*3tiT«, H 2 SSfiSttW 3 3 (Z) 
M»*^*HiH^fiSttS3 1 J:D:^t;SnTli^. Sfc. 
H2@3£att)i3 3ttS!fiiattP6 1 fCigUTt^^., 
[0 08 1] H2H5£jH4B3 3©«<b7&(filtt, R^iK 

n, H 1 HSiSttS 3 1 m 2 H^lKttB 3 3 iiK^ 

{ce^^nriris. mi, f^zmmm^ms 1,33© 

?K<k*t^A^5(.MrSWi::5nTVi^<DT, Hi, ^2 20 

mmm\tm 31,33 > h i)ms.izti-^m 

L^5M»lC»-5*^ m2@«fflH4»3 3®JS$*«fild^ 
t^fciftJc, H)t«Si4B 3 4 g5!mft;*t«d^ 

^mf^-^mmz^^x^izm^-^n. @«fistt«3 4a> 

[0 0 8 2] 7 U -aftS 2 9 «, ^Sttl'rBlB 2 7 

t, ^m^rpmm 2 1 -^m^"^ 1 v u 2 e st/f 

H2 7U-<SttB2 8i:*^^;ia:S. $^c, mi, ^27 
U-1S14B2 6, 2 8©JP$«, mbAzmU^W^iit 30 

2 8<D]^»/5tmi :7'J-fiStt^2 6i:D:^<i:$nTV^ 

[0 0 8 3] mi, m2:7iJ-fiBH4>g2 6, 2 8«, 5e 

tt^Kiit/s-So fiP^, m 2 7 u 2 8 ®a^t:*[6] 

«A-HA*< T;^B1 7, 1 7©A*-r77.j^#tCj;oT 

H5^xi:*ri6]trfiii^^n, mi 7U-jStt«2 6tt, m 

*t0*xi;^r^n®K*f*r^tcii^^tiSo mi, m2 7 40 

'J-mttH2 6, 2 8©fiSfb;^[^*^SI'^tCS¥fTi:$n 

Tv^-so-e, mi, m2 7>j-jKtts©{s^*-^>h 

2 8©iP$*^mi 7U-ett«2 6ctO;*:<h$nTt.^-5 

©-e, ei«)jp$®ii^)-Jcffi^-r^m{b7&^7'j-attS2 
9 0 . 7 U -j^ttB 2 9 «)iS^k:^^[pi*t0 

i3.^<r)X. ^1.gfiS#©^<k{rJ;oT7U-a^tg2 9® 

[0 084] 2 0 ©a*X l:)&|6]M<BHCtt, -i* 50 
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®m77;^l 7, 1 7jJi|SSSLTliS. A'-fTXSl 
7, 17tt, A*-f T-y^T^Bl 6, 16*:frLTS5Sm 

*fc, -E-©±M1 7 b*t^«^^2 0©±ffi2 0 
btl^-ffiSrJgeKL, ^®T® 1 1 ci)mmW-2 OOT 
®2 0 c tig— B^J^fiKLTIriS, A-f7;^»l 
7, 1 7©— SB*t«Jg^fc2 0OfflMfiiOT2 0 a. 20a 
JC^i3±tfTI/^-5o Sfe, aB(^2 ORZ/A'-f 7XB1 
7, 17©±{C«, S^JKtt»6 1 (ffi:^OS^jKi4 
fi) *iaSSnTfci-5. S^lKitSe Itt, H^tiSttB 
3 4 t^LTSB^nTl^-So 

[0 0 8 5] ±lB©m 1 S^mttS 21,31 W^2 
W&W&M 2 3, 3 3 fi, Co, N i F e ^ 

^, CoFe^^, feSl^ifiCoN i F e-&^, CoN 

ttB2 6S:U^m2:7iJ-attB2 StroViTfe, Co. 
NiFe^^, CoFe^^, S^l^ttCoNiFe^ 
^, CoN i^^^*^6;a:'5J:t*^»iUin ± 
IH©#^lKtttffflB2 2, 2 7, 3 2«, Ru, Rh. O 
s, I r, Cr, Re, C u©^"^ iafe^</^tt2ajy. 
±©^^d^C;f5:-5it*W* Uli. ^fc, #fiStt««B 
2 5, 3 0 H, Si fC^Lxfc#<Ktt*®Jg 12, 1 4 t 

igfii©*JR*^e>^s. 

[0 0 8 6] ±I2©7. e>A-;i.:/^»iKm«*^3 
M^mtsB 6 0 ^\z^-vLmm 2 4 t^sstt^sg 2 5 

1 7 'J -mttJl 2 9 <h#^®tt»mB 3 0 t SSJSttB 3 

msE bfc;?. tr>A*;i.yM^i^il^*T 1 tra«fc LT« 

[0 0 8 7] ±^©7. t! >>'l;V:/S»Bgmm*^ 3 tc:fe 

v^T«, HfiaiUfcxtf>A';i'y^i»^ii^^S^ 1 tig«6 

\^>/vvymmmmmm^3izii^^x\t. m^m^m2 

4 , 3 4 3&«, ^SitttfTBlli 22, 3 2 tm 1 H^BSISli 

21. 3 1 SZ/m 2 @^^14B 2 3 , 3 3iiA^>b^tl^ 
tlfifD. m 2 S^^ttB 2 3, 33 (Omit:fj\ii*^m7nY 

:^i«i)fc@«$n, mi@^mttB2 1, 3i©^^t;;^rea 
*ts^Y:^rS]©s***ifi]fc@^$nTi»5©T?, mi, 

m2@^ffiSttB2 1, 3 1, 2 3. 3 3©fiSa^— 

hmmsizfj^mi'-^ommz&^A^. m2@^MftB 

2 3, 3 3©JP$*^*^^C:;^^<, 0^^ttB2 4, 3 

4^^<Dsmmi\:i!>mii^\zm^^W:i^uK>. ^<D^mm 

itt^K^mamG 0,6 1 t©32m^^^^(Cj;-:3TS 
{CtitS^tl, @^ai4S2 4. 3 4 ©Ji^{b;fyf6l;5i0S^Y 

[0 0 8 8] ^fc, mi, m2 7U-mi4B2 6, 2 8 
1, m27'J-mi4B2 6, 2 8©fiS^^:-^>h*^ffl 

stctT^MU^3;:t<3^«*«, mi7U-mttji2 6 
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y u -mitm 2 9 ±^<Dmn: luk>. z <Dmitm^ s < 

z^mmmm^.m'^ 3 <Dmm^\^±^^^ ;itm-c^^. 
[0 0 8 91 m4<Dmmmm) m7iz:^^m<Dm4<D 

mmmm-v$> s x t >/'<i)i-/mmmmm.mi-<D^mm ^ 
TTt^mr. (^a. 0 7tc*}t,iT. gn^LfcEii 

[0 0 9 0] mi iZTnty^ tf >/N*;p:/^»^ss^m^ 4 
fcfei^Ttt, mm 1 9 icT^a 5 0 tK^m^m e 0 

frE^nXl^S, aB#40lt, @^^ffiB4 1, 

^mitm4 5RUR^m&mm4 emn-Amm^tiTn: 
5t)©-c*D, z(Dmm»4 0immmm-^i^viii^ 

n. iag<*:4 0(DE*Xl*r6lM#J«2-:?®ffl#l-fiiJM4 
Oa, 4 0 at^nxv^-S. «^fflij®4 0 a, 40a 20 

[0 0 9 1] mmw4 0 <Dm^xl:^\iimm^z^t. —m 
©mT;^)gi7, 1 7*tBiaEUxvss. n-rrx^i 

7, 17tt. AW T7.TflfiBl 6, 1 6 Sr:^^bXK3fi^K 30 
ttB6 0±lC^tt^.nxS[M#:4 0 il^CPiBtC'fiSL 
XliS. Sfc, ^®±® 1 7 b*ia»<*:4 0©±ffi4 0 
b tl^-ffi*J!JfiKL, -^WT® 17c *iag#:4 0 ©T 
B4 0 c il^— B^J^^bXt^i-g),, ^fc. AWrXMl 
7.17 <D-mf)^mmW4 0 ©ffi^fiijffi4 0 a , 40a 
tC«D±tfXVi-5, ffiP<*^4 O&Z^A'-fTXS 1 

7,17 <D±tc«, R3iHt814» 6 1 (te:^©S^?Ktt 

m4 6 tjg bX«B$nxV^^„ S3ij?H4»)^4 6 

^attseitt, m--(Dm^:A^^u^^^A^iy3i^:it 40 

[0 0 9 2] K^m\tm 6 1 4 6 (Ci* b 

xmm^n^z.ti,z<iiK>. K^mi^me 1 tsssesfe^ 
K4 6 LA^-mtv. z.ti^K^m^me 1 tsstmtt 

mm4 6 t*tH^CTX-;WM3li$ns:ii:JrJ:oXS 

3S®tt»i«4 6 tm^m^m4 5 ico#Btcx3^mi^^ 

[0 0 9 3] ±j£©a;pt', S^fiSttlilK4 
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P tMn-&^Xi#fi£$nXI/i-5^:i*WS LlJ. PtM 
n-&^a, t3!3l5*^eS^JKtt)Si:bXfi6fflS*lX(riSN 

i Un'^^'^F eUn-^^fJiiUzjt^TWi-k^iZ&n, 

ti. ifc, P tMn^^fdf^AX, X-Mn ac;/£U, 
Xtt> Pd, Ru. I r, Rh, O s <iD5%*>€)MSJS 

tis lawTc^^s^f . ) cD^x^^n-5^^»svi« 

X' -Pt-Mn (fztzV, X' tS, Pd, Ru, I 
r, Rh. Os, Au. AgOp-^d^e,SS^$n-2> 1 « 

J^fiE^nxv^Xfea;^^., 
[0 0 9 4] ^tz, ttfEP tMn^^:teJ;tXt9IBX-M 
nOiCX^Sn-S^^fCiJViX. P t »SI/ittX*t3 7 

~6 3m^%®«BiBxa&s::t7&«M^UVi. ,tD»*b 

<tt, 4 7~5 7)^^%©«!fflX*S. $e.tCifc. 
X' -P t -Mn<DiC:X^$n-S-&^lC*5V^X. X' + 
P t*t3 7~6 3M^%©4SHXfe-5^:t*«aSLVi. 
<i:D»*L<«. 4 7~5 70T9«©ttfflX*S. S& 
fr> Wtex' -P t -MnCD^TS^Stl^-^^tLX 

X' f)^0. 2~1 0MT%®SBHXS&-5;i<i:*^SS 
Uti. S3SfiaEl4lilgl4 6 tLX, J:l3UfcjiiE;&fflfiEI5 
ao^^&^ffib, £^^^1S1$S6 l(C«>M^iS1tlt 
^4 6 tl^-ffifiEcD-^^^riSfflU, ;^n6 *T::i-;l^5!l 

X#-5. t<tCP tMn^^X»n«, 8 0 0 (Oe) 

ay=^y^um>^3 8 0'CtSJ6Xii5Mfcbxxe>A' 

)i^-:fmmmm^m^4<Dm.^^\t^mtb^:iiif)ix^ 

[0 0 9 5] i^, @smiiii4 1,4 5, y^-m^a^m 
4 3Rif4¥m^mnm4 2, 4 4\t. muz^vrcm^ 
mi^m 11, 15, 7 u -flstts 1 3 Rzf^miaimmm 

1 2, 1 4 tmm<D^imi!)^^f3:^. 

[0 0 9 6] ±m(Dy.\:^>;^)v^mmmmnmT4(Dn 
mmmtm^m^m\zm^r. R^m^mm^'bmmt 

i'i-S. ^n£A^®MjfixeiiSl 3~01 9i:t3«|pli; 
X*0, «fB«9l!g**:-hfrmi U^hri-^Uv'XhSJg^ 

b, mi U7 h:t7l/vX htca*3nxii;^V^gB5J-S:-f 
U>y)*(rJ;0^*bx-:&wS3S«Stt^^Bm 
$ii-XaM«:2rJ^fi£f ^. A-fTT^Tflfe^, A*-f 

i^«®imi U:? h:t:7i/vx NitclB^^cfflBb, mi 

[0 0 9 7] 'AiZ. filBfttSt^tfWSJC, ilfiSrWS^fiS 
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umiz^K>mmi^ (.R^m\tmm) <D±mt)mm^ti^ 
iz&io^+^u^mm^m^^f^m^it^ ^ i*^* 

>y 5^ > U T^SEtl ^^*-r S'i^S*^* ^ e Tfe 
[0 0 9 8] 'AlZ. ^2 U 7 h:t:7l/v'X 

izm^i.. mmm^mmv, mmzmz^iyv^yvj 

[0 0 9 9] ±.m(D7.}d.yn)vymnmm%mi-A\zii 

4 ir 43 1 i T ®^m^m 4 5 i s 
^mtt»K4 6 iif)mmzmm-^n^(D-Qm-&mB.mA 20 
5 ts^i^tt»^4 6 (D^m\z^m.mmmx-t^^h 
ifitK. ^itz.(DKmimmA e ts^isttMe 1 1 
*«-#:fl;-rntf. H^att^4 5 hu.mm.'&nmA e a 

[0 10 0] Sfc, ±^©S!ii;^tetr*5ViTtt, H^a 

z.nib(r>nm^z\tmm^<D^¥km^ux'&:-f. ^^s^ 

^k-rs;it{ci:t9. Kmi^nmAe,timmm\zK^m. 

mtt^K4 6 ii(Dwmzx^mm-^mmmm.v^T< 
fs. t) . S^KttS 4 5 ©®ft;6rifii*«®Hir HS^tifc;^ 

t! > A*;i^:/S»Kmm*^ 4 ^ iSjg-r ^ ^1 i AST # s . 
[0101] 5 ©iiigj^M) 0 8 5 <D 

mmmmx^ i> 7. t! ^/N-ji^y^^i^fismm^® » ® 0 ^ 

mi:m-<Dm^mm^z^m-n^^HL. ^um^mm 
iz^i>'>xitmmizmmr^i)^^i^<\,t't<Dmm^^m-t 40 
-5. 

CO 1 0 2] m8\zm-r7.\^>/vvzfmmmm^m^5 

f'^l^Ttt, S« 1 9 izTi&m 5 0 tM^attS 6 0*^ 

mm^n^t^iz. K^m^tmeojbizmmi^i otiw 
[0 10 3] mmwi Q<Dm7h'x.\:!3\mm\z\t. -n 

7« 17«, A-f 7XTJft« 1 6, l6*^^LT;S3fi« 

ttS6 o±iristt^.nTa«{*:i 0 ^mcmmiz^mi^ 
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btl^-B^Jg^L, ^E-cDT® 1 7 c, 17c*i«B**: 
1 OODTMl 0 c tra— S5*JgfigL/Tti«. A'^f 

TT-w 1 7 . 17 ©-gpA^as^jc 1 0 (Dmm&m i o 

a. 10 a{C*D±tfTl^-5. 

[0 1 0 4] A-f 77.S1 7, 1 7(3tt'1'ra»l 8. 1 

summon, fpmmis. i s tasff i o ®±® i 

0 bJcti^eft^)^4 7*^*a^$nTi.>^» 

4 7 tctissi^tt^ 6 1 tumm 5 1 *s««$nTVi 

S^c. «aM5 1 iCtt, -**©^«S7 0, 7 0 7i^ 
[0105] S^attS 6 1 *t^a^4»^ 4 7 tCft UT 

114 7 sH^iitts 1 5 izmm^nxi^^<Dx. 
mm4 7 iiK^m^me i t(D^mizxm^vrz^^i^ 
^mmm^mi^m i 5 izwm^n. m^m^m 1 5 © 
®^t::^^l^i]*^0^Y:;^r^i]^cH^^n^„ ^fiStt^lK4 7 

<. ^sjAtf, 3SfiStt^i^-e*-5Co, NiFe-^^, Co 
NlFe-&^> CoFe-^^, CoN i ■&^;ii:*ie>;/5: 

[0106] ±i5©x e>/\vi'::^^»ii[«iMi^^ 5 ©s 

m:^m\t. ^izmmvrc7.i^>/'^)vymmmmnm=i'i 
oymm:f3mmtmcx'$>^f)^. mmt^t/^^7xm<D± 
iz^m^mm^mmvtz'^izm.:)3<DR^m^m^mm-r 
^}^ibmm<Dx\:f>/vu-:/mmmm^m^ 1 ©«^ts 

[0107] ±mKm(Dmtm 1 3 ~0 1 9 iz^-tn& 

mmwim»±\z'mi^}yh:i-yu-jy.h^j^mv. mi 

> i^ffi tc J; 0 b T-:&©S^m«g Srg tB $ -B-T« 
rnVf^m^r^, 'A\z. gtBS-BrfcjR3ti^ttB<hmi U 

n^mm^m^mmx^. f^i^)yh:tyv'j7.Y^}^^ 
[0 10 8] 'Aiz. mmi^&zf■^mm^zmmitmmti& 

rut. :ft©^lU7h:t7^vXh©f^SXSSrXA-y 

^ u >i/mm^(Dir\.mzxffotLtb\z. 

t fr J; 0 ^J6iE#»*i|^*$ tlTB)g?Se« tSUKttSlll t 

[0 10 9] ^2 u y h^^UvX h^«Sg± 
Jrj^fifeU, m.mzf^2*}yh^yi^'j 
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[0 110] ±m<D7.\^>;-^)v:rmmmmm.m=f-5izjs 

^m\zx^mvrz.izm^'^m^i)m^mitm 1 5\zwm 

»iK4 7 ts^^ttse 1 t^mmizmmt^rzitiizz. 
ni^(D^m\z\tmmm0^mmm\'ifr. ^m^mm 

4 7 tS^iSttW 6 1 i:(D#ffi{CT3Sil^^a5f*^5gS 
L^-r<^0, *fcc:©^«14?IIK4 7j5^H«jBHt»l 
5±{C«M$nT'n?.*^-«:fl2bT3S^t4»^4 7*^ 
^»6<;fcH^fi^f4«i 5{c:#in^:i<i:{c;^-5cDT, m 

[0112] (^6 (D^mmm) m 9 \z:^wmf^ e © 
HiSfl^si-r ^ 7. h! >)vv:rmnmm%mf-<Dmmm ^ 
^T, jSif. 09jc:*jt»T, mmvrcmnzmvrcmfS.m 
mtm-'(Dm^mm\z\m-n^=^nv. mnm^mm 

[0 113] m9iz^-r7.\d>;'^)v:/mmmm^m^6 
[0 114] mm^i o©0*xi*[eiiMfiiifr«, -*f 

©A'-1'7';^B1 7> 1 7*t|^^bTt.i§o A'-r^XBl 
7. 17tt, A-fTXTSfiSie, 1 6^:J)-LTS§SM 

^me o±\zmii^<btixmmwi otmu^m\z&mi. 

Sfc, -€-©±^17 5, 1 7 b*iiffig#:l 0© 

±M1 0 bil^— ^-WTffil 7 c, 17c 
d^aB#:l 0©TS1 0 c il^— ®$rf^J5EUTVi-5o i 
fc, A--f 1 7 , 17 ©-g5*^«B«i: 1 0 ©ffli^#J 

BIO a. 1 0 air»r)±tfTti<5, 

[0 1 1 5] A'-rrxei 7, i 7{c«'4'^ibi s, i 
©±Bi 0 btctts^mttse 2 7&^*«B;^nTVi^« s 

6 2 \t. mmW 1 0 <i:l^«t»r®«llS#0iKf: 

m^n. S^SStt«6 2©0s^xi:^fii]ia5#J«2-3© 
ffl#^ffllM6 2 a, 6 2 at^nr^i-So m^mme 2 

a. 6 2a«, 1 9*^^>^n^;^|^i]. gP^B^Z;:^ 
ttB6 2tt, ^©^^Xl^rfS]©fi$*t«[a^l Ota 
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ji 6 2 tt, 01 (c*3itss^»f4B 6 1 tmmommn)^ 

e>?S5^©t?S^, R!S8Stt»6 2«. ffl^mttSlS 
{r^LTffi«$n> c:tl^,©B6 2, 1 5 ©Affile i3ti 

2 7!)t«B$tlTli-5, 

[0 116] S?Si^ttS6 2©0^Xl:&|6lM#JfC«. 

10 —M(Dmmm7i. 7 id^iBBsnTii-s. ii©ssg 

71. 71«, "fWeiS. 1 8S::a-bTA*'f TXHl 
7. 1 7©±»C«B$n^i:*{C. S^6Sf4M6 2©j« 
;^#i®6 2a, 6 2 a {Cg|bTJ^fiE^FnTli-5. 

[0 117] j*:tr, ±5E©xt;>A-;i/:^piiiigaaiili^ 

6 ©Sjt:^j£^B) 1 2 ~0 1 6 RZSm 2 0 ~0 2 3 Sr# 

^LTUi^T^o ^. ;^:::t©BIi 2~® 1 6©aJJig 

tC*3tt?>01 2~01 6©|tt|^t±<(^-^©-e, 

-e(i^2 o~@2 3 iz-oi^^r (D^mm-f^. 
20 [0 1 1 8] @2 ofc*-ris©mriStt@i 6{c^ix 

fciiOTfeO, 02 0©IKig&^a;^f)b*-5fc«&{wW 

arsi e^itti^-rst, 01 ea, 1 o©m«jc 

A'^TXTittBl etA-fTXBl 7t4'raBl 8 
«a:^a«LTmi h:t-7^>'Xh8 O^^SUfc^ 
©tt^^r^LTl-i-S. MtJT02 OJCiJt'iT, 1 

o:s^cx4)msi 8, i8(c, K^mitm6 2:sLU^mm 

5 2^mmt^<. i^. K^m^me 2^mm't^m\z. 
mmt^i o©±®i 0 bS:-f:i->5'j>i^sfc«j£xA 

^y^m<D^'SHZ^K>X.y^>ift^'Z''^i!fi$>^. ^itl 
30 tt, 5t©mi U >' h:t7Uv>;^ h 8 0©I^SXig*XA 
>y^'J>i^g«^©^1-gBtCTff5fei*lC> »«19^*i 
-^WC;*:^JE3IH^fC«3n, z:©i:%3?HSi4' ©K 
m^©^»fi#HcJ:OaB#:l 0 (H«mttBl5) ©± 

®i 0 b*^?5a^$nsfca6. ci©t^^snfe@^attJi 

1 5©±ffitrS5fimtt^6 2€:aBUTfe. ;in6©B 
©l1^BT«3gMi^^a#ji^*5!aL»;^<.i©-e. M^att 

m6 2^mm-r^mizmmi^i o m^m^mi 5) © 
±Bi oh'&x.y^>ifvx^mi»=&t^^-r?>^-^i>i^ 

40 [0 1 1 9] g|2 1 tC*t-=b^tC, «g|P5 2 Ji 

\zm3uyh^yui^xh8 2^mfiSii'. f^s^yh^t 
yu'jx h 8 2 izmtitiri^m^m^^^ :t> 3. u >y 

't'PB^Sl8. 18&SttS$i±T, S^ei4B6 2JttJC«S 

SI 5 2 *»fBi«iS#»!t>itriax-rs, c:©<h€r, 

attS 6 2 \Z\t.m^mm 6 2a. 62a Atjg^$n?.« 
^3U7h:t7^vXH8 2?£ffiH^^l Q izMn.^'&.m. 

\zm^r^z.ti}\ mmw-i o»csT^SB»©;S^att 

2©*.«rS#$-li-5c:i:*iT^«.^T»*LVn 
50 [0 1 2 0] 02 2tc*TJ:5ir. cfrasi 8. 
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18, mumm6 2a. 6 2am^m^*)yh^yV'y 
;^ h 8 2 \zmmm7 1 *«)grs. ^^fum is, 1 8± 
\zmm-^ntcmmM 1 1 «^<b® 6 2a. e 2 a t 

wv'T. h 8 2 tea, mmm 1 1 <o#ifig«^o#*F 

^8 2 a*tf=t«FrS. ^X^Xmmz. 02 3C*fJ:5 
fc, U7 h:*-^!^-:^;^ K8 2$|^*bT, @9tC* 

[0 12 1] ±M(D7.\i>n)v:rm»mmm.m^Q\zii 
viT«, WiEbfcxif>A*;i/:/S!i^ig«MjgTi tra^ 10 
?S:^*»ciin;^T£iiT©^**^«^n-5o IPS, ;^tr>A' 

;l/:/l!»^S8migT6{'t5ViT«, ^«^7 1, 7 1 

tf'ra^lS. 1 B^^r^n-LT/WT;^* 1 7, 1 7± 
JC«S$ns<i:ftfC, S3fiMttB6 2©«^filIgiS6 2 
a, 6 2 afcSELTt>SCD-C. 9l«e71, 7 1 tm 
77.W17, 17df^raBl7, 1 7€-:^bTPg!-r -5 
c:i{;:;a:D, ciOA'-fTXB i 7, i 7tt#^jStt#«S 
12, 1 4Sr'&tt«S<t:i 0 tRSLTlriSCDT, ^« 
g7 1. 7 l*^^®<litt}«8S*, itmi<D±^\,^Kmi 
ttB 6 2 ^S^fi-SI'tC^i^tt^mM 12,14 tr^^^S, C 20 

mmi 1,7 1 tOTreitctf Pels 1 s, i sA^^tt^nx 
STf©^^5ffia (uv=^^:iT) jrj;De€rs3imji7 1 1 

A^rxmi 7©ra«^ttti<&B&iI:LT, A*-fT7.Bl 

[0 12 2] Sit, ±]^®7.tf>A';i/:7'a!»)Kfi8^*^ 

6 ©S3)t:^fe»ci5ViT«. SBflti 0 t«^?,g5i)-©S 30 

^mitm 6 2 ^los^^tis e 2 ©p^fioic 

BH^LTLA^feAMTX^l 7, 1 7±fC«H$n^c« 
«S7 1, 7 1 ^ J^fiS;TSCD-e, #«a7 1, 7 1*^6) 

lC#mft««Bl2, 1 4(C^^-5C:id^T^, 

If tr J; ^amstri® ^ft:« ^ < o m^STS^ift 
i^;^ tf >/\*;P:rsi»iKfiSas^T 6 ^^mt^ z. 

[0123] (^7 CDllJgJ^M) 0 1 0 (C^^Hjroll 7 

©Sgigfl^ffiTfe^xtf>A';i':/^^K«sa*^©»fffigl 40 
<&*-r. 01 OfctiliT, Htr^b;t0i, 0 6 so: 
m9\z^vrcm^mmiim-<Dmfls^mm^z^m-n^^ 
iiv. ^mmB^^m^z'D\,^x\tmm\zmm■r?>i>^^l^< 

[0 12 4] 01 oiz^-tx}^>/w:/mmmm^m'f- 

7 »C;feliT«. 1 9 tcTSfeW 5 0 iiK^m^m 6 0 

d^aesn-sxh^ttc. ;E^attB6 o±(c«b{*:9 od« 

4, #<Ktt«S«2 5, 7U-fiSttSl3, #iKtt^« 
^30, flS;^ ® H^J8tt)i 3 4 d^lH^*:®^ tlT^ S ^ 50 
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;i<DaS«:9 0«»rM«IS#i^^^i:$tl, m 
JS<*:9 O©0*Xl:&|«fJMffll«2OO«^fflia9 0 a, 

9 0 at^nxti-S, <«^fl5®9 0a, 9 0att. Sffi 
1 9*^?.^n^5&[S], EPS0^Z*(S](C(S)ttTSliJC^ 
ja-rs<J:^t::«^UTti5. SiOtciiO^T, 0 

[0 12 5] -;fy®@^fiStt«2 4«, #iStt4'PBl«2 

2 1, ^att'f'PBis 2 2 sr^trm 1 mmmam 2 1 st^ 
f$2m^mjSim2 3tii^iot3i^. ^1, ^2s^fisiis 

21. 2 3©jp$tt, ^*M^S;5:Sii[Sfr5c:t*W 
SL<, 01Ofr^3l^T«, ^2@^mttB2 3®a» 
A^miB^iSttg2 1 J;0;*:<i:$nTti-5. Sfc, ^1 
H)ejStt^2 l«S^«i814g6 OfcS^bXl^S. 
C 0 1 2 6 ] m 1 awaits 2 1 <Z5«<k:&|6jtt, 

tte 6 0 tcD^m^^mmzj:. d 0^Y:5ip]©;5?t:^(pi 
tcH^sn, m2asmftS2 3«, mim^m^m2 

1 i:S!SiStt«{CiB'&L.X-5-®JKfb:*F[5l*^0^Y:&i6ifr 
B^^nxv^S, m, ^2H:tfiS14P2 1, 2 3Wfi8 

^t*ifii*^sv^cs¥fTt$nxvi^®x, mi, m2@ 

^miim 2 1,23 OJS^*-^ > hdJffiS«TSt^L 
^ 3 H» C * S m 2 H^ffittg 2 3 CDSS dJfil*^ fC 

±^vifcj6(c, 2 4 si^(D^^miti)mti^\z 

mm^mmz^-oTM\zmi^-^ti. @«^tt»2 4rom 

[0127] ffi^cDH^i^ttB 3 4 H, #^mtttt> 

F«iM 3 2 1, ^^m^fpmm 3 2 ^sstym 1 s^j^tts 3 
iRzsm2m^m^m3 3iiA^iE>u^, mi, m2@^ 

JB14P3 1, 3 3©»$«, «*^»rS^SJP$a:-rSJl 
t*W*L<, 01O(r*5ViX«, m2@^«S14B3 3 
®)»Jl*^mi@^mttB3 1 J;0;^t$nxt,iS. S 
fc, m2@«iKtt^3 3«S^BStt«6 2tC^LXt,i 

[0 12 8] m2@^®ttS3 3®m{t:^[S]tt. 

ttB 6 2 ^(Dicm^-^mmz^ 0 0*Y;^iS]tc@^$ 
ti, m 1 @«^6S^4s 3 1 tt, m 2 m^mam 3 3 
iS8ttW»ci^-& Lx^wia{k:)^i6]*«0*Y:i^i*ioSM:'^iSj 
icas^nxv^^. mi, m2g^^ttH3i, 33® 
m<b*[^*^'5v^icR¥fTt^nxii-5®x', mi, m2 
m^mitm 31,33 <Dmn.'t-^> \-:dmmzfs-^m 

V-^3m%iZ&?)i>t. m2H5t?S<tB3 3 0JPS75^M*^ 

^^^■^mmz^^xsizm^^n. @smttB3 4© 
mi\z:»f^f)m^Y:^mzm^^n^. 

[0 12 9] mm^9 OCD0*Xl:^[S]ill#JtCtt, 
0DAW77.gl 7, 1 7*^glSlbXl^i-5o /N'-fTXSl 
7 . 1 7 tt, ZXTfifeS 1 6 ^^LXS^attS 6 

0 ±\zm-f^nxmmPf^9 0 iimc^miz&imvxi,^ 
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i^-®*}g/SL, ^©T® 1 7 ctimmwd o<DTm9 

0 c tl^-M^J^^LTl^^, A'-fTXSl?, 

1 7 9 0 (Dm^mm 9 O a , 9 O a 

[0 1 3 0] A'^fTX® 1 7, 1 7fCfii4'raSl 8> 1 

8di«S$tl, 8. 1 8 ©-SBiSaCfflB^*: 9 0 

C0±®9 0 bt::HS^lH4«6 2*t«B$nTI.>S. S 

M^iaiSe 2 a. 6 2 at^nTVi-5. ffl#4#J®6 2 
a, 6 2afi, S« 1 9 ^e.JKtl'S^&rBj. gp^H^Z:^ 

tea 6 2 {Ctt^ilB 5 2 dtaBStlTl^-S). 
[0131] S3Sfi8ttH6 2©0*Xl^r|6lli5fi(|{r«, 

-^*©^«^7i, 7id««$nTVis. z:(Dmmm 

7 1. 7ltt, tf^FslBlS, 1 8 ^:fM^T/N''i'77,B 1 
7, 1 7«±(rW«$n-5i*tC, S^fiS14B6 20M 20 
#l-fi!|®6 2a, 6 2 a{r^UTJgfiK$tlTliS, 
[0 13 2] ±t2©Xtf>A';i'yi!»R^a*T7«, 

ssi^ttB 6 0 ±izm^m^m 2 4 t^mttsm^ 2 5 

1 7 u -atts 1 3 ii4^m^mmm 3 0 is^a^B 3 

[0 13 3] ±^©xt;>A';i/:/^»M68m^T7(ct5 
iiT«, *fr5fibfc;^t:>AVv:/^isi«iS^m^6ti^fii 

tf >A*;i'>'S!»Mam*^ 7 {c*3ViTtt> m^mitm 2 

4 , 3 4 #mtt4'W» 2 2, 3 2 1 SJgmttB 

2 1, 3 1 RtXm 2 B^flSttg 2 3 , 3 3t*^e^n^ 

nwo. ^2m^m^m2 3. 3 3 (Dmit:^mm^Y 
:^[fi]{c@^$n> miS^mttB2 1. 3 1 ©B8^t::^[Si 
f)mmY:^f^<DKM:ti\^izmi&^nx\,^^<DT. mi. 

m2H5t^a^4Ji2 1, 2 3, 3 1, 3 3<Dm^'E—yt.> 

2 3, 3 3(DP3*t«*^r:*:^<, @^5Stt»2 4, 3 
4g^*:©af6a{k7)^«/0>{C5S^i^*t^O, ;icDg5!e 40 

itii^Kmmitm so, e 2 1 o tm 

(ritifg^tl, @smtt»2 4, 3 4<Dm{t::^(S]:*^*lI5^Y 

:^i^tc3S@{c®^$n. 7;if>A*;i':/si^)!ifi^^m^ 7 

[0 13 4] (^8©^|*SJ^Ii) 01 ltC*5S?^®m8 

(D^mmWi-c S s 7> t! >/N*;p::^MiS^jS^#T ® 8^® @ 
^^kTo i^. 01 i(r*3</iT, HffK!!bfc0i, 0 6S,t/t 
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[0 1 3 5] HI 1 izm-r7.\f>/vvzrmmmmn.m'f- 
8 twisv^Ttt, mm 1 9 t-Tses 5 0 tK^mam e 0 
fimm^n^tmz. Rmm\im6o±izmm^2 o*? 

4, #^«<t3f®B2 5, 7U-lStt)i2 9, ^NfiStt^m 

^3 0, i&:^c>m^m\tm3 4f)m:iKimm^nxti^h 
(D-e*o. ;i©ae#:2 oia»f®«iB§-^j^4^t<»:3ti. a 

B*^2 OO0*Xl;^[6lMfiiJtt2O©«^{ai®2 0 a, 
2 0 aiSnXUS. «^fll®2 0 a, 2 0 att. S« 

1 9*ie.f!in-s.^[p)> fiP*0^z:36ri6jcip)ttTSvwc« 

jfi-r?)J:3fCffli^LTVi^. ?^C*5, 01 l{C*5t,iT, 0 

mz:^i^\tmmmmw(Df^wi:^t^^7f;v. 0^y*i6] 

[0 13 6] -:^»@5£S^tt»2 4«, #i^14'*'WB 2 

2 2 2 <£i*tjm 1 m^m\tm 2 1 sz/ 
^2m^m^m2 3 tt>^?>y3:^. mi. m 2 shafts 
21.2 3®j»3tt, mMzm^^m-^ff^^it'dm 

SL<, 01 1 tCi5t.iT«, m 2 2 3 ©PJ» 

*^*mi@«mttH2 l<l;D:^a:3nTUi^. ^1 

B^mtts 2 1 \tKm^^m 6 0 icfljuTv^s. 

[0 1 3 7 ] m 1 H^JBttS 2 1 ©a^b^iajtt, 

{ime Oi©32M^^<S#tC±O07RY*[pI©S*f:^[6] 
(CH^^n, m2@^jK14B2 3tt, mi@^}c8ttS2 

1 hKWitm\zi^^\^x^<Dmit:^\iiii)m^Y:^iii}\z 

BSSnriiS. mi, m2@5t«tte2 1, 2 3©fiS 

<t:^\^Ami^^\zKW-nt^nx\>^^<Dx% mi. m2m 

^m^m 2 1,23 > hd^fflStCfl-^tSb 

-&3M«{cfe-5*t, m2Wi^m^m2 3(Dm^i!)mt)^\z 
±^\,^^tf)\z. m^m^m 2 4 s#:<DSfe«<k*tM*Mc 

[0 13 8] fl6;5r®B^mtte3 4«, ^fiHttfj 

mm3 2t. $^mii^mm 3 2 >^»tsm 1 m^mi^m 3 
iRifm2m^m^m3 3iiA^^tt^. mi. m2m-& 
m'^m3i. 33(Dm^yt. mimz^u^m^izt^z 

iif)m-^V<. 01 ItCiiliXa, m2H^«Si4)g3 3 

<D^Jp75^mi@^mttg3 1 J;D:*:<i:$nTVi^, S 

fe, m 2 @5£fiSttH 3 3 \t.mMm\tm e 2 (cseuti^ 

[ 0 1 3 9 ] m 2 H^llttg 3 3 ©iK{b>^lRl«, S^H 

i4»6 2 t©3SMi^^^#('<i;D0^Y:^r^{c@SS 
n, m 1 3 1 a, m 2 sssstts 3 3 1 

JlttWi^i^^ LT^<Dmfl::^i6]*^0^ Y:^[6]»s>c*;^i6i 
fCB^e^tlTViS. mi, m 2 HJtflSttS 3 1 , 3 3© 

m^t;:^[p)*^sviirs¥fTt2?nTi^.s©T, mi, m2 

@^SS{4«3 1, 3 3©fi^M^-^>h*^ffiS»cn-^m 
m2@^att«3 3©P$*tffij5> 

\zm^m^ti3.^. ^©g56<K{k*^s^fi^ttg6 2 1© 
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«ft;*jBi*tS^ Y:«r iRit: @^ s n-s , 
[0140] yu -68tts 2 9 4¥m\tf^mm 2 7 
<t . #ai4^rBi» 2 7 ^S5trm 1 7 'J -m^m 2 e stx 

^2 7U-®ttS2 8<»:*^e.?5:-5. ifc. mi. ^2 7 

-5Cli:*WSb<. 01 ltr*3tiT«. m2 7U-fiSi4 
S2 8®MJP*imi 7U-a<tS2 6 J;0;*:<i:$nTVi 
-5. 

[0 14 1] mi. m2 7U-fi^ttB2 6, 2 Btt. ^ 

m^^m^ ck ^ Tffla {cms w t $ tiT 7 X u a 
i44^M<i:;5:-5„ ip-^. ^ 2 7 'J 2 8 roefb:^f^ii 

«A-KA*-f 77LB1 7, 1 7Om^k{Cj;oT0*Xl 

:5?r6)ca8;t^ti. mi 7'j-iStt^2 6tt, m2 7'j- 

i;&r^©s^:^[6ncj«;^6n^. mi. m2 7U-mtt 

S2 6. 2 8®«S{t*rB]*^SI/ifCS¥fTt$tlTti-5® 
T. mi. m2:7U— fiBittB2 6. 2 8©ffi^^r— ^> 

h /j^fflsjcff mv-^ommz$,^f)^. m 2 ^ u -iStt 

B2 SroiJ^dt^l >"J-a^4S2 6<j;0;k:t$nTI/i 

2 9 ±»<Dmii:tf3: 0 . 7 U -SSttB 2 9 <Dmit:^\iit)i 

O^^WT. ;?1-gBJS^®^{t;fCctoT7U-aai4B2 9 

CO 1 4 2] aP«:2 0©H^Xl:)&|6)Wfi!ltca. -^t 
COAWTXBl 7. 1 7;*tp«LTViS„ A'-TTT-Wl 
7. 17«, ;-^-(TXTmmi 6^lf\-LXK^m^m6 

^OJi® 1 7 b*««»#:2 0©±ffi2 0 bt 

1^— BSrJ^J^L, ^©Tffil 7 c*^«»^2 0®Ta2 

0 c tm—m^MfSiLX^^^. ^fc. A*'fTXgl7. 

1 7 (D—^itmmi^ 2 0 (Dms^&m 20a. 2 0 a 

[0 1 4 3] A*-f TXB 1 7. 1 7tC«(tiFBlSl 8. 1 
8*S«H$n. ^KBl 8. 1 8®-gB&0:aS#:2 0 

(D±m2 0 hiz\tK^miim6 2t)mm^nxi^^, k 

^m^m 6 2 «. llSfti: 2 0 tl^i^tC^fiBSl&^J^^^JC 

?^^$n. S?^mi4B6 2©@^Xl:;fyfn]MfliJtt2 0© 
«^<|IM6 2 a, 6 2 a t^nxt^i^, ^«*^fil|S6 2 
a. 6 2att. 1 9 EP-SS^Z:)^ 

14B6 2(±. ■^©0^Xl*|6I(DS$:^>ia^^i^2 0 i:t5 

2lC{iffi^S5 2*t««$tlTVi-5. 
CO 1 4 4] S^fiStt^e 2©S^Xl?^|6]Mflil(Ctt. 
-?*©^««7i. 7 id^EMSnxi^^-S, :io^«H 

7 1. 7 1 tt. 4'^1S18, 1 8$r^UTA'-f 7X^1 
7, 1 7(D±(ca«$n-5<i:*»C. S^mtt«6 2©« 
mm62&. 6 2 atrSUTJ^fiK^nxli-S. 
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CO 1 4 5] ±.%i(D7.\iywvymmmm.%mi-&\t. 

KW^m 6 0 J:(r@£«ttJi 2 4 <!:#^mi$^S€ 2 5 

t :7 u -^ttB 2 9 t.^^m\SE.mmm 3 o t a^mttw 3 
4 iitimm^nxmmmmmm^^n^z.iiy.9\-\t. 

CO 1 4 6] ±^(D7.e>A'JI/yS»lK^S»T8{C:*5 

fi.n^\zm?ix&rf(oMffim<bn^, m^. ±^®x 

10 lf>A*;i/^M»IKmai^^^8t*liT«, H«fi8ttB2 
4. 3 4d^*. #aft*FBlg2 2, 3 2tmi@^mttH 
2 1. 3 1 RtXm 2 H^mttB 2 3 , 3 3i*i^^n^' 
0 . m 2 2 3,3 3 (Dmit^^timfr^Y 

:5rpifc@5tsn, mi@«®ttg2i. siroiKft^rfii 

*t0^Y;^l6]®S^*^r|pI(CHS$nTI/i-i)©T. mi. 
m2H^<^ttP2 1. 2 3, 3 1. 3 3®S8S^-/> 

2 3, 3 3©ff$*tfil*itC;*:^<. H««ttJi2 4. 3 

4a#:®gfgafk*^«*Mr^^igi^t^o, c:©g5em 

20 <t;*tS3SJSttB 6 0 . 6 2i:(D3?«l^^<S#tCj;-?TM 
tCli^g^n, H^liStt»2 4, 3 4 oaib*[6])&t0^Y 

:frifi]tc^@{cH^$n. ;:^tr>AVi'^^i*ins^i^^8 

(D^Stt ^ |S] Ji $ -a- ^ ;i t ;^i-tr ^ -5 o 
CO 1 4 7] *fc. mi. m2 7U-M14B2 6.2 8 

1. m2 7U-jKttB2 6. 2 8(Dl8M^-;>t>hdtffi 

Stc^T^iib-&-5;ii:{r75:^*?, mi :7«J-mtt»2 6 
i:m2 7'J-mttB2 8®»$®a5J-tcfflS-rsm{t*^' 
7 U -attH 2 9 ^^^O^fbt/S: D . Cl®a^k*^Vh$ < 

30 f3i^<DX\ y u -fiSttW 2 9 <r>mit:^\^t:i^mm^(o^ 

it\zt^hxmm^<M»^'^^z.iif>^x'^. xtr>A';p 

CO 1 4 8] 

c»i«©^«] JKJi. mmizmmhit^'^iz. ^^^eg© 

mtmmi^izmu^miz&:m-r^iimz^<Dm^:^ 

ffi/N-l- T X H t Hfria«S<*: t $r « -D T«S 5 nx t i ^ CD 

40 T'. ts*(Dxe>A'ji':/^»^ms*^®j;a{c, A-r 
'iTxmi)^'h<omnmmzj:^xyf}-m^mi)^^mm. 

mmi$^tmci^mizm.m-t^<Dx, aw rxsco/N'-f 7 

T-^. yu-m^m<Dmityfmt:m^<D:fj\^\zm^xy 
u-m\im^mmmt-r^:iti)^x'^^, 
CO 1 4 9] ifc, ^?^m<Dxk:>/'^)izrmmmm^m 
50 ^ictsv^Ttt. <fi;^©R^jettg*ts^mtt»ig{rs-r 
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CO 1 5 0] *ig?g«)Xfcf>/\';uyM»^<^^* 
CDMtr3filKtt^)ldi|8:it6tlTt^S©-C, m:^<DKmm 10 

IB] fC H^r ^ d t # ^ . 

[0 15 1] sfc, -^sotfis^ajsgifi^ttSfc, x- 

^ $ Srffl V ^ ;^ h! >A*;v t -r 

FeMn^^, N i Mn-&^;5:i:*fflV^ifcfe©t 

[0 15 2] :*:5!e^®Xtf>A';U:/S»Mm^*^{C*5 
[0 15 3] ^fc, -*fCD#«««, 30 

[0 15 4] $fc. Ta, C r ©J;^;^#^S^4^^75^^;'J: 

>;/ H©SitXgT©MMa (UV^iT) tc:J;0S^'5 

(bcc«i£) T'*-5C r Ti^^.^c^A'-f T 
XTflSSSr^tt^^ttCjcO. A-f T7.S*VX-f TXT 

m^m^<D:^fi^\,zmA.^:iti)^'^mizys.-DX. a-ttx 50 
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[0 15 5] :7 U -iSttB*^ ^PfiSttfPiISS:^ 

UTS^JSttWfCitt^^tlAc^ 1 . ^ 2 7 'J -ettB*^ 
^^•5«^, ^1, ^2 7U-®14)i**3gSlilig^«lit|C 

P#^J;^«, m2 7U-ai4S©PSSr, ^l^'J-jKtt 

m^ohmi!)^iz±fr^t. f^2y^)-m^m<Dmi[::^ 

i6)*tA*'f7XB©fi8fl:tcJ:oT-5g:&iRi»cai^f.n> ^ 
|Bi©S>ct;^[6]i$ti, mi. m2 7U-fi8i4B©a^^ 

©T, ;i©jp^©^5i-(rfflaTsm{t:*t:7ij-ffi8ttB± 
«i:©a<t;i:;a:o, ;i©m<k*t/h$ < ;5:s©-e, n^m^ 
(DmtizJz-oxy U -iKttB©a<k:^r^j5^^«J; < ^Ki 
xb:>>'N*;i':/S!«^fismts^©«li±j^«Sr:'c€r<-r 

[0 15 6] Sfe, H^BSttBTit, l^fiStttfraBS^L 
TS^fiSttWtCiJg'&Sn^ci^l, ^2@)t?KttB*»^.J5: 
mi, m2H«?KttB*^3^^i^^l6Sl^fCJ:oT 
fi^MW{Cife^StlT7a:Uett«^t;^D, ^1, ^2 
H«etta©iP5S:fll*MxS7S:^Ls6-5t, ^1, ^2 
@3e®ttB©«^^:-pi > hT&^fflStCfT-^t^L'&oT 

@SattB©S»m{t*^M75Mc90> Z.(DSmm^t 
A^KSSt^itB t ©32^i^-&mi^{C J; o TMt:lii|ii § n. 
@^attB©aft:::^i6]«:^@tc@«-r^ C t^MtMt/a: 
oT, Xhr>A;l':/S»»WHK»^^^©^^ttSrii5<-r-5 

[0 15 7] *^iq©xt;>A;p:/s^^Mm«^©sa 
it:&iS«, -;5©S3fimttS±»c«»ft:^j&fiKb, ci© 
aB^t^wMfliUcA-rrxB^J^fiKU, j:©A'f7XB© 
±®<&WB*t:©±®tSSl^Cfi:MtL, C©±trffi* 

(DK^m^m^mmt^cDX'. se*©j;3{'A-f txb 

©IHrffiJ^l^*iS§tbLT3feo;tfe©t«;5:e)-r, A-TTX 
B75^e.©SltUK#JcJ;-:jT7 'J-mi4B*i#HS8Kfl;$n 
^ C < , :7 U -mttH*W6SE{t^nfcX t;>A 

;^yl!}^IKfi^^*TSS{jt■r^:^<t*tT#^. *fc. A 
-f TXBd^*MfBaB^*:tlli;pgBiCfiraf S©T. A-f 

TXB©A-f TTsM^^mm^^cDy 'J -jSttBfc+^J- 

(D:>s\ti}\zm^xy <)-mitm^mmmt^nx. xe> 

[0 15 8] *%?^©xe>A*;i':/S»^m^^ 
ttB&H(rtBS3^fiftttifll{cS5UTaB^T'b^<> d© 
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^-mtt^ c t »c ck o xK^m^mmf)mnmzmyj 

Rmm^mmiL(onm\zT^mi^-^mmmmv. ^<d 

^^^'tm.mz ii 0 m{tyj\^if'^m\z m-^^ntzmmi 

[0 15 91 Mtr. ^w^<D7.\f.>n)vzfmmmm%m lo 

^«©ig:^ffi(rt3t^Ttt, Miami U^h^f^l/v^Xh 

^mm\zm^t^tzii>\zz.n<^<r>^m\z\tmmm(D^m. 

m^mmtmmm \z asmttg tc^sn^dttc^i-s© 
%m.vtz^i^^^m^timmi^m<Dmitij^^^ 20 

C^l] *^?g<?DmiOD*igJ^MT'^^7.t!>/N*Jl'-/ 

[0 2] 01 frs^-rx t > A*;i'::/'si»IKjaa^T©/N 

[0 3] :^^m(D^i(Dmmmm-v$>^xE>/vi^f 
mmmmm.m^^m?Lrzmmm%^^y h©^0t* 30 
-5. 

[04 ] 03 Jr*T»)^fi8a'\-> KOggp©»rffl0T 

[05] *5!e^<Dm2®*ifijgii7?absxt:>A';i/>^ 

«ig $rS^ L »f ffi 0T-fe -5 „ 

[0 6] ^mm(Dm3(Dmmf^mx'&^7.\:^>/'^)i'-/ 

M»mfiSa*^S:fBgl!K#: i ©^(SjBfiJd^ 6 ^fc«^© 
[0 8] *%?^©^5©||JgJg^Tfe^xe>A*Jl.:/ 
^jSS:*b^c»fB0Tfe^. 

[09] ^mm<Dm6(Dmmi^mix$>^7.\^>;-^)vzr 

[010] ^mmom 7 (D^mmmx'&^7.\f.>n)v 
■^mnmm.%m=i-t:mmmii^iz<Dn\mmis^<^M.tz^-^ 50 



2000-293822 

38 

[011] :^^^<D^B(DmMli^mT;$,^7.\^>n)V 

(Dm^^T^x^Tzmmmxh^. 

[012] *fg?g® tf yn)vzrmmmmm.m'f-(Dm. 
jg:^fe*Bttwrsfe*©xg0Tfcs. 

[013] *^?q©x hr y>vv:rmnmm.%m^(D^ 

[014] *5l?g® ;^ tf WNVi'^M^^JKm*^ ©S 
wsm^mm-t^tz^o^nnrnxh^. 

[015] *%^©7,e>A*;i^y^^aiaac3!i^^®s 
jg:;^fe$:iJi?^-r-g>fcJ?)©xe0Tfei>. 

[016] *^?g©7> t >A';i^:/M»iKa^^^ ©S 
jg*j£*i5ieg-rsfc«>oiS0Tfcs. 

[017] *5!?g©7. \f.yn)vzrmm^mm.m^<Dm^ 
m.ij^^mmt^rz^(D:Lumx&^, 

[018] ^mm<D7, M >A*;u:/M»iKmm*? ©s 

jg*i**IK93t-Sfc*®XS0Tfe*, 
[019] :$imm(DX tf >A*;pr^»ig«M^^ ©® 

ig:3&?**IttHjt-^:^ci*©xe0-z?abS. 
[020] *5g9g©7>t? > AVU7'M»l^iKm*^©fl& 

[021] *5ggg®x tf >/N*;py^^EiJSa5!iT®«fi 

®Sig*ffi€:iK?^-r^fc*®Xg0T?*^, 

[022] *»?^®x If >/N*;i/:/S'»K[fiS^*T®<i6 
®Sig;&te&lft?g-r-5fc*®XiB0T*S. 

[02 3] :$i^m(D7.i^y;^)p^mmmm^mT(Dm 
(Dmm:^m^m.m-r?>rzi^<Dxmmx'^^o 

[024] fif*©7> tf y/'<)i^-:/mmmm%m^^mSi 
mi^ii<Dn\^mmi>^iE>^rzm'^(omm^^i^rzi$immx 

[025] 024 \Z^tX tf >A*;i^-/M»^^^ST 
©A- KA*-f TXIKt7U-i^tt«©fiS{b©:^fRl^£r|je§g 

■rsfc«>®i^a0Ta5s. 
[^^©iftBJ] 

1> 2, 3. 4, 5, 6» 7, 8 X tf > A';i^:7S!^li[ 

10, 20. 4o> 90 mm<^ 

10b. 20b, 40b, 90b M«^©±® 
10c, 20c, 40c, 90c ?(B#:©T® 

11, 2 4, 4 1 m^m\tm (-:^©H^?estt«) 
1 2, 2 5, 4 2 (-^©#^mtt«m 

A) 

13,29,43 

1 4, 3 0. 4 4 #^jKtt^«B m:^o)4^mitmm 
m) 

1 5. 34, 4 5 m^m^m (m:^oym^m^m) 

16 AWTXTSfeS 
1 7 A-f 7X« 

17b /N'-f T7.m<D±m 
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17c /W7;^e(DTB 

1 8 ^mm 

1 9 SIS 

2 1, 
2 2. 
2 3. 
2 6 
2 8 
4 6 



3 1 mi m&m^m 

2 7. 3 2 l^ffittt'raM 

3 3 m2S£iai«€ 
m 1 37 U -mtt^ 

m2^U -fiSfiS 



4 7 ^m^mm 

5 0 TflfiJi 

5 1.52 ^mm 

6 1.62 K^km^m m:^(oR^m^m) 

7 0.71 »«® 

8 0 mi 'J:7h:t:7l/>?Xh 
81 ^2 'J7 h?f:7lxvX h 

8 2 msuyh^yuz^T^h 



mi] 




17o 



10C so 50 



17c 




1^m2 000-293822 
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[0 7] 
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40c 00 SO 
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112] 
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[018] mi 9] 




